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PREFACE. 

> 

The most successful method of studying and analyzing the 
> action of the slide valve, in its various modes of application, 

!j is that which is based on the use of graphical diagrams, among 

^ -which the one discovered by Zeuner,* is pretty generally con- 

sidered the best. 

This diagram shows at a glance what, by the aid of work- 
ing models, can be seen only by carefully watcliing the move- 
ment of the slide valve in relation to that of the piston ; it 
shows how an alteration of any of the essential members of 
the valve gear affects the working of the valve ; it is admi- 
rably adapted to draw a comparison between different valve 
^ears and link motions on their intrinsical as well as their 
relative merits ; it also furnishes the means, by a reversed 
application, of finding the proper proportions of valves and 
the valve -moving devices when a given effect is ^^sired, and 
how any valve gear can be proportioned to the best advan- 
tage. In short, it meets all the principal requirements of the 
case. Only one feature is in some respects adverse to a general 
use of this graphical method ; in some instances its applica- 
tion requires algebraical calculations, or else an intricate 
geometrical procedure, and for this reason it can be used only 
by those engineers who have enjoyed a theoretical edacation* 
In his efforts to fully open this field to every intelligent 
mechanic, the author found that a modification of the Zeuner 

^SskUbtrgUuerungm^ by Prof. Dr. Onstay Zeimer 
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Diagram renders the subject in all its bearings purely graphi- 
cal, and no knowledge of mathematics beyond the most ele- 
mentary propositions of geometry is required to understand 
the demonstrations as well as tke applications of this new 
diagram. Nor is this the only advantage gained over the 
original form ; for by this modification the diagram profited 
in several other respects, especially in regard to clearness, 
and will therefore give better satisfaction, even to engineers 
fiuniliar with mathematics. 

The following discussions will be as brief as is consistent with 
a thorough and fundamental treatment ; and the leading propo« 
sitions will be amply illustrated. 



V 

CONTENTS. 

■ 4m 

INTRODUCTION: paob 
Pbopeb Disteibutiok of Steam, 1 

PART I. 

The Common Slide Valve, , 7 

The Valve Diagram, 9 

The Angle of Advance, , 18 

Width of Ports, 20 

Velocity of th6 Valve, 22 

Practical use of the Diagram (Problems) 25 

The Scope of the Common Slide Valve ..: 32 

Irregularities of the Crank Motion (Problems) 34 

PART II. . 

Link Motions, 45 

The Stephenson Link Motion, 46 

The Theory, 4^ 

The Valve Diagram, .- 56 

The Link and its Suspension, 60 

Equalization of the Lead, 62 

Problems, 65 

Irregularities and their Rectification, 69 

The Gooch Link Motion, 76 

PART III. 

Independent Cut-oef Geabp, ■. 87 

The Gonzenbach Cut-off Geab 91 

The Meyeb Cut-off Geab, 97 

The Link Expansion Geab, 107 

The Bilgbam Cut-off Geab, 119 



INTRODUCTION. 



Propeb Distbibution of Bteam. 

The steam engine is a mechanical contrivance for convert- 
ing the power, developed by the evaporation of water, into 
such a form that it can be utilized for driving machinery or 
for other industrial purposes. After its generation in the 
boiler, the steam is caused to exert its pressure alternately 
upon both sides of the piston, imparting a reciprocating mo- 
tion, which is converted into a rotary one by a connecting-rod 
and crank. The valves admitting the steam alternately to 
both ends of the cylinder, and opening an exit for the steam 
after the performance of its duty, are named" distribution- 
valves '* and the mechanism operating them is termed "valve- 
gear." 

We shall now consider how the admission of steam should be 
regulated in order that the greatest amount of useful effect 
will be realized ; this will enable us to judge how near the 
valve-gears to be considered hereafter approximate to perfec- 
tion. 

I. Expansion. To the engineer, the most valuable proper- 
ty of steam is its elasticity, which can most effectively be 
utilized by admitting steam to the cylinder for a portion of 
the stroke only. The production of work per stroke will then 
comprise two stages : (1) The direct action of steam, for the 
time of admission, when the steam exerts its initial pressure 
upon the piston, and (2) The action of the expanding steam ; 
in which period the pressure is gradually diminishing. 
. For economy of steam it is most advantageous to expand 



uutll the terminal pressure upon the piston equals the average 
fictional resistance of the engine. In practice, however, the 
•expansion is not always carried thus far, as an engine accom- 
plishing this result generally demands a higher price than 
one with a single slide-valve, and purchasers of engines fre- 
quently prefer to save in the first cost. 

When the load on the engine is subject to variation, the 
admission of steam must be regulated accordingly. The efTec 
tive steam pressure upon the piston is usually more or less 
reduced by throttling the admitted steam by a valve that is 
operated by the governor. A more economical plan, however, 
is to vary the degree of expansion by cutting the steam-off 
at an earlier or later stage of the stroke, if the valve-gear 
admits of such a variation. 

II. Compression. That end of the cylinder towards which 
the piston is moving must be in communication with the ex- 
haust passage. In condensing engines the exhaust passage is 
in communication with the condenser, where a partial vacuum 
is produced by the condensation of the exhaust steam. Other 
engines exhaust into the air, and have^ therefore a back press- 
ure equal to, or slightly above, that of the atmosphere. 

It is of advantage to interrupt the exhaust a short time 
l)efore the tennination of the stroke, and to compress the thus 
insulated exhaust steam by the piston. At the first glance 
this statement may a^ear absurd ; but it is nevertheless con- 
sistent with both theory and practical experience, for the fol- 
lowing reasons : 

The "clearance," — which is the space left at the end of 
the stroke, between the piston and the end of the cylinder, 
together with the space of the steam passage between the 
valve and the cylinder, — is alternately brought in communi- 
cation with the steam chest and with the exhaust passage, and 
i8 thus filled with steam and emptied again. The direct 



aclion of this steam is evidently lost, and only part of the ex> 
pansiTe power of the same is jnade available. This continttal 
loss of power can, however, be moderated by compressing into 
the cleamnce part of the exhaust steam, raising its pressure to 
that in the boiler^ When thereafter the valve opens the port 
for admission, no steam is required to fill the clearance, and 
the full power of all the admitted steam will be turned into 
useful work. If now the steam is cut off so early in the stroke 
that the terminal pressure will be equal to jthat in the ex- 
haust passage, the re-expansion of the previously compressed 
steam will augment the production of work just so much as 
to restore the work expended in compression. This shows 
that under the said conditions the clearance will- cause no loss 
of steam. It must, however, be remembered that in the first 
place we took no account of friction. The space through 
Which the piston travels during compression, is entirely lost 
for the production of work ; therefore it is evident that an 
engine with much clearance and corresponding compression » 
though theoretically equal to one with but little clearance and 
compression, is practically inferior, for since the travel of the 
piston must be greater it will involve greater loss from fric- 
tion. In the second place, we assumed the expansion carried 
to a degree higher than that generally used. It is, therefore, 
advisable to compress to a less degree, especially if not much 
expansion is used ; for the work expended for compression 
will be but partially restored by the following re-expansion. 

A second reason for prematurely closing the exhaust is due 
to the reaction of the compressed exhaust steam upon the pis- 
ton, — conamonly called "cushioning," — which assists in the 
reversal of the motion of the piston and other reciprocating 
parts of the engine and lessens the wear in bearings, and also 
the thumping caused by lost motion which is usually present 
•to some extent. 



III. Lead. Experience has taught that both the admission 
and the exhaust of steam should be commenced a short time 
before the crank passes the centre. Either port will thereby 
be opened to some extent at the beginning of the stroke. The 
•width of the opening at that time is termed "lead,** while 
the angle through which the crank passes from the moment 
of the opening of the port until it reaches the centre is the 
"lead angle.*' 

One reason is obvious. The steam does not fill the clear- 
ance, nor does the exhaust steam reduce its pressure to tha^t 
of the exhaust passage, the very instant the port for either 
admission or exliaust is opened ; hence the advantage of a 
premature opening on either side. 

As a general rule the lead on the exhaust side is greater 
than that on the steam side, as the former has the function of 
releasing the pressure of a volume of steam filling the entire 
cylinder, while the latter need only fill the clearance with 
live steam. The opening of the exhaust is mostly efiected 
while the piston is still an appreciable distance from the end 
of its stroke, and is more commonly called "release,** while 
the admission mostly begins when the piston has practically 
arrived at the end of its travel. 

The most«advantageous amount of lead on the exhaust side 
depends mainly on the terminal pressure of the expanded 
steam ; and should, therefore, be greater on engines with late 
cut-off. High speed engines need more lead on both sides 
than slow running ones, to allow the proper time for the 
functions of lead. Excessive lead on either side always re- 
mits in waste of power. 

- Lead is also a very convenient means for supplementing the 
cushioning if compresBion is insufficient for this pnrpoee ; it can be 
adjusted until the engine ceases to thump. High speed engines 
and beam engines need more lead on this account, than others, 
because of the greater momentum to be overcome. 



PART I. 
THE COMMON SLIDE VALVE, 



The Common Slide Valve. 

The usual form of the common slide valve is shown in Pig. 
1, where 8&nd 3 ' represent the steam passages of the cylinder. 
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Fig. 1. 

-and 8^ the exhaust passage. Fis the valve, the cavity tJ of 
T^hich efTects alternately a connection of the steam ports with 
the exhaust port. The valve is encased in the steam chest, 
into which the live steam is admitted. It is moved by the 
valve stem passing through a stuffing box of the steam chest. 
When the valve is in its neutral position, as shown, its face 

■overlaps the steam ports on both sides. The distance a 5 is 

•called the outside or steam side lap, and e dSs the inside or ex- 
haust side lap. 
In the following considerations we shall term '* positive" 

•any movement of the valve from its neutral position towards 
the valve stem, in contradistinction from a movement in the 

•opposite or ** negative" direction. A positive movement of 
the valve connects the port 8* with the exhaust passage 8^ 
through the cavity c, and opens the port 8 for admission of 

«team from the steam chest. The width of the opening 

of either port depends en the distance of the valve from 



Its nentml position, for the lime being. Tliis <liBb>DC«, or t1i» 
"movement" of the valve, must esceed the inside Inp before 
he port ff will be opened for exhaust ; and it must bo greater 
than the outside lap, to effect an opening of the port 8 for 
admission of live Bteam, For a given movement of the valve- 
we And the opening of tlie eteam porta for either exhaust or 
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Fig. 2. 

admission hy deducting nvm this movement the inside or 
ODtside lap respectively. When this difference is equal to or 
greater than tlie width of the port, the latter is fully opened. 
The effect produced hy it motion of the valve in the opposite 
(negative) direction ia similar, tut reversed aa legarda the pasa- 
ages :8and 8'. 

The valve is moved by means of the eccentric /, (Pig. 2), 
■which can properly be considered hs a small crank, the pin or 
which ia enlarged so much as to assume the form of a disc that 
allows the shaft Oto pass through it. The eccentric can there- 
fore be represented by the line OT. that connects the centre oP 
the shaft, O, with the centre uf the eccentric disc, /, and 
which is supposed to act like a crank. 



The Valve Diaorah. 

We shall Drat connider horliuntal eD);ines of the usual cou- 
•truclion, m wliich both tiu counecling rod and the eccentric 
rod, iire operated in pamllel directiona. 

TheecceDtric of such engines is kcyi^d to tlic crank shaft so 
that the centre line 01 (Fig. 3) of the eccentric forma an 
obtuse angle with the centre line OK of the crank. Aa the 
crank shaft rotates, the enil P of the occentrie rod, being 
guided in a right line by the valve swni, rectlvea a reclpro- 
catingmotion while the rod itsdriBcaus(-d1ooacillat«. The re- 
ciprocating motion of the end P is transniittod by means of Ihe 




"valve stem to the slide valve. The oscillating r 

troduccx a very Intricuti' f ic:ur. since it affects the horizontal 

■©itension of Ihe ecceniric rod. We shall, however, at present 
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leaire this &ctor altogether out of account, and shall czamine- 
it later. 

It is necessary to locate the centre of yibration of the endP 
of the eccentric rod on account of its corresponding relfttiodi 
to the neutral position of the Talve. The vibration of thift. 
X)oint being a direct result of the circular movement of th& 
other end, I, of the eccentric rod, it is evident that the centres, 
of both movements must correspond. Therefore, if the end T 
of the rod IP be transposed to the centre of its motion, (which 
ift the centre of the crank shaft) its other end Pwill occupy 
the centre of its vibration. It will now be understood that 
the movement of the pin P depends on the horizontal move- 
ment of the centre, I, of the eccentric ; and can therefore be 
measured by the horizontal distance of the point /from the: 
vertical centre line OT. 

"When the crank is on its centre OK (Fig. 3) and /is the- 
corresponding position of tlie eccentric, the distance ly will 
represent the valve movement. 

As the crank moves from KXo K* through the angle a, the* 
eccentric will move through the same angle to P, andPy* 
will now be the distance of the valyis from its neutral posi- 
tion. 

Let us now mark the point Q in the circle Z representing* 
the orbit of the eccentric ; making the angle XOQ equal to* 
the angle 10 T (both of which are marked rf- in Fig. 8), and 
draw the line Q k perpendicular to the extension of the line 
OiT of the crank. The triangles QOk and TOy' will then be 
equal, since the angles QOk and QkO are equal respectively 
to the angles rOy* andi'y'O, and the side OQ equals th& 
side or ; hence the line Qk equals Fy* and therefore-is equal 
to the movement of the valve for the crank angle a, The- 
same relation can be shown, in the same manner, for any 
other crank angle, and the interesting fact is thcreb/ demon- 
fitrated that, for any angle of the crank, Vie distance of the 
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p&itU Qfrom the eerUrt lim of the erank ii s^ual to the eorre- 
nnrnd ing movement of the e lide valve. 

Tofind the openings of the ports for either admission 
or exhaust, the inside or outside lap is to be deducted front 
this movement This subtraction can be graphicallj per- 
formed by sweeping two circles, L and I, fromQ wit)i 
radii equal to the outside and inside laps, as shown in 
Fig. 8. For the considered position, JT, of the crank, the- 
morement of the valve was found to equal the distance Q k, 
and hence the opening of the steam port 8 (Fig. 1) for ad- 
mission of steam is equal t o ifca, and that of the port £r for 
exhaust equal to ka' ; these distances being equal to the move- 
ment Qk, minus the respective laps. The port openings are 
therefore represented by the shortest distances between the 
centre line of the crank and the lap circles L or I, respectively. 

Had the point Q\ instead of Q, been selected, the result 
would have been the same, since Q k equals Q*k\ 

To prevent any misunderstanding it may be here stated 
that Fig. 8 now represents two distinct diagrams, one show- 
ing the position of the eccentric, J, in relation to the crank, 
OKf when on its centre, and anotlier in which the point (f 
figures and which will be called the '* valve diagram.'' The- 
latter can be obtained from the former by making the angle- 
XOQ = angle TOI, or also, by rotating the first diagram 
through a right angle, when the eccentric will arrive at I/' 
and subsequently inverting it. This last mode of converting, 
one diagram into tly other, can very conveniently be per- 
formed by means of a piece of tracing pax)er, viz., by tracing, 
the diagram of crank and eccentric, KOI, turning this trac- 
ing over and setting the crank -line, OK, in a vertical position, 
pointing downwards. The position of the eccentric, /, will 
then locate the point, Q, whose mate, Q\ is diametrically 
opposite. 

In order to know the direction of the valve-movement we 
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must consider that the valve will be in its neutral position 
when the crank passes through Qor Q\ the distance of Q' 
from the crank-line being zero. As the crank moves from Q* 
through K' to Q, the movement of the valve is positive, and 
while moving from Q to Q' this movement is negative. 

When the engine is required to rotate in an opposite direc- 
tion, the position of the eccentric will be io, in relation to 
the crank, OK ; and the valve diagram will be reversed or 
left-handed. 

The valve diagram as explained affords an easy means of 
studying the influence of form and motion of the valve on 
the distribution of steam. The most important positions of 
the crank, as regards the admission and the exhaust of steam* 
are shown in Fig. 4. When the crank is on its centre, at K, 




Fig. 4. 



13 
the distance ka shows the opening of the port for admission^ 
or the lead on tiie steam side, and ka' represents the opening- 
of the port for the exhaust, or the lead on the exhaust side. 
The valve attains its maximum movement when the crank is 
at Ny forming right angles with the line OQ; hence the 
greatest port-opening for admission of steam is equal to Oh, 
This distance may be greater than the width of the steam 
port, showing that the outside edge of the valve overruns- 
the inside edge of the iwrt, allowing an unobstructed udmis- 
sion of steam. The word ** port-opening" will be used 
independently of the width of the steam ports, and may^ 
therefore exceed the latter. As the crank proceeds, the port- 
opening will be reduced again ; and when the crank arrives at 
E, the port, 8, (Fig. 1) will be closed and the admission of 
steam cut off; the valve movement being equal to the outside 
lap. At the valve movement will be equal to the inside 
lap, hence the port, ff, (Fig. 1) will be closed, and com- 
pression will commence. OQ is the position of the crank 
when the valve passes its neutral position At B the negative- 
movement of the valve equals the inside lap and the port, 8, 
is opened for exhaust. At A the port, 8*, will be opened for 
admission of steam for the following stroke. For the crank- 
angles -^,-E', C\Il\A\ the results will be merely a repetition 
of what has already been said, with this difference only : that, 
the ports exchange their respective functions. The lead angle 
for admission is shown in the diagram by the angle A' OK or 
A OX, and that for exhaust by the angle JR' OK or BOX, 

This diagram may perliaps seem, to a beginner, somewhat 
complicated, especially as it is necessary for some crank 
angles to extend the crank-line over the centre, ; and fur- 
ther, as it requires some practice to determine which of the 
two i)orts is being opened or closed. It can, however, be so- 
drawn that the operation of the valve on each port may bo 
represented separately, as in Fig. 5, relating to the port, 3,. 



14 




Fig. 5. 

«(Fig. 1) and in Fig. 6, relating to the poi:]t, ff. By a com- 
parison with Fig. 4, these diagrams may be readily under 
stood without furtl.er comment. These diagrams indicate 
the port to which they relate to be opened, for either admis- 
sion or exhaust, as long as the crank-line is outside of tho 
respective cross-lined surface and each of them may again. 
l)e regarded as combining two diagrams ; one for admission, 
and the other for exhaust. 

These two diagrams, Figs. 5 and 6, can readily be combined 
by drawing the upper lialf of Fig. 5 and the lower half of 
Fig- 6 in full lines and the rest in dotted lines. Some of the 
following diagrams will be executed in that manner ; and it 
is only to be remembered that the crank-angles for cutting-off 
and for release (relating to the port on the steam side of the 
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piston) will always be tangent to solid circles, while the 
crank-angles for compression and the beginning of admission 
(relating to the port on the exhaust side of the piston) will be 
tangent to the dotted lap circles. 

When the valve possesses no inside lap, the inside lap-circle 
shrinks into the point, Q, and hence Qand Q' are the positions 
of the crank where the exhaust is closed for one port and at 
the same time opened for the other port. Sometimes the \ alve 
may be constnicted as shown in Fig. 7, possessing the con- 
verse of an inside lap. The distance, cd, is properly called 
"negative lap." Some engineers call it "inside lead,*' 
others, again, "inside clearance," but both these terms are 
apt to lead to confusion, for "lap" is measured when the 
valve is in its neutral position; "lead" is measured when 
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the crank is on its centre ; and "clearance" is the conven- 
tional name for the apace left lietwecii the eteam-Talve and 
the piston at the end of its stroke. To find thcopcnlngof the 
port for exhaust In such a case, the distance, cd. must evi- 
dently he added to the movement of the vnlve, and hence the 
opening is not ka' (Fig. 3) hut ka" and the diagmm repre- 
sented in Fig, 5 becomes like Fig. 6, which shows that in 
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this case the exhaust remains oi)ened for more than a semi- 
revolution of the crank shaft. 

It has been stated before that the greatest port-opening of 
the valve sometimes exceeds the width of the port. The dia 
^ram shows without difficulty the angles for which the port 
jemains opened to its full width. We sweep a circle, e, from 




Fig. 9. 

"Q (Fig. 9), the distance of which from the lap circle, 
X, is equal to the width, Wy of the port. For the two 
t^rank angles, OK and OK", which form tangents to this 
circle, the port-opening will be equal to the width of the port» 
and between ^and K* it will be in excess of the latter. 

Or, it may happen that the greatest port-opening for ad- 
aiission is less than the width of the port, which then will 
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'become tally opened for the exhaust only. The greateit 
port-opening for admission should, hoivever, never be lesi^ 
than 75 per cent, of the width of the port. 

The manner of comparing the motion of the crank witlt 
that of the piston will be explained later. 

The Angle of Advance. 

On horizontal engines the centre-line 01 of the eccentric 
forms, as already mentioned, an obtuse angle with the centre 
line OJr(Fig. 2) of the crank. This relation will be modified 
when both the connecting rod and the eccentric tod are not 
operated in parallel directions, as may be the case with beam 
engines, or where a rocker or some other lever connection is 
interposed, for instance as shown in Fig. 10. But no matter 




mg. 10. 

whatever the general arrangement of the engine may be, the 
centre line of the eccentric forms most always approximately 
right angles with the eccentric rod when the crank is in line 
with the connecting rod, or **on its centre." It should, how- 
ever, never be precisely at right angles, but always more or 
less in advance of this position, in the direction of the rotation 
of the crank shaft, for else the valve would be in its neutral 
position at the beginning of the stroke ; and since the port 
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OB the steam side is required to be opened, the eccentric 
must be advanced to make the lap and lead. The angle 
measuring this advance, namely, the angle formed between 
the eccentric line 01 (Fig. 10) and the line OF drawn at 
right angles to the mean direction of the eccentric-rod, 
is called the ''angular advance" or "angle of advance.'' 
The mean or neutral direction of the eccentric rod may be 
determined, in the drawing, by transferring the end /of the 
£ame into the centre of the crank-shaft, and is shown, in 
Fig. 10, by the dotted line OPO, Whenever the end P of 
the eccentric-rod is guided in an arc, as in Fig. 10, this con- 
struction does not give a perfectly accurate result^ but it will 
be sufficiently accurate for practical purposes, as the valve 
performs its principal operations when near its central posi- 
tion. 

The "angular advance" plays an important part in the 
action of the slide valve and shall be denoted by the letter d, 
4is has already been done in the former diagrams. 

In order to investigate the operation of its valve motion, 
any type of engines may be compared with a horizontal 
engine having the same slide valve, with equal travel, and 
equal angular advance. The valve diagram can therefore be 
drawn by first sweeping a circle for the path of the eccentric 
and then carrying in it the angle of advance from the hori- 
zontal centre-line in a direction opposite that of the rotation 
•of the crank. From the points thus obtained in the circum- 
ference of the circle the lap circles have to be swept to 
complete the diagram. 

It need hardly be mentioned that in cases where the motion 
of the eccentric-rod is transmitted to the valve by rockers or 
levers of unequal leverage -the radius of the "path of the 
eccentric" of the diagram should not be made equal to the 
throw of the eccentric, but equal to one-half the travel of the 
Talve. 
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In designing engines other than such \v'here tlie connect^ 
ing-rod and eccentric-rod are operated in a parallel direction, 
beginners often find difficulty in drawing tlie eccentric in its 
proper position to the crank, the angle of advance being- 
given. The course to be pursued in such cases is as follows. 
Draw the crank OK (see Fig, 10) on one of its dead centres^ 
and then draw the line F, at right angles to the mean direc- 
tion, OP^t of the eccentric-rod and carry the angle of ad- 
vance, <J, from the last mentioned line, in the direction of the- 
rotation of the crank-shaft. The resulting line determines 
the angle of the eccentric, but it must be decided yet whether 
/ or /' (see Fig. 10) is the correct position. This can be 
done by assuming the movement of the crank to proceed, and 
considering which of the two points lor F would cause the^ 
valve to open that port that will admit the steam on the pro- 
per side of the piston. 

Width of Ports. 

The sectional area of the steam-ports should be made so 
large as to impede the ingress and egress of the steam as little 
as possible, and yet, on the other hand, so small as not to 
tmduly increase the amount of clearance. By a series of care- 
fully conducted experiments, it was found that the greatest 
velocity of the steam in the passages should be from 8,000 to 
9,000 feet per minute, in small engines and such of a low 
pressure and low mean piston speed, and from 9,000 to 10,- 
000 feet in large ones and such of high piston speed. 

To compute, from these data, the area of the ports in any 
one special case, the maximum velocity of the piston must be 
found, which is equal to that of the crank pin, and hence 
equal to the product of the number of revolutions per minute 
into the periphery of the crank-pin circle. The conventional 
measure for the speed of engines, however, is the mean 
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Telocity of the piston, which is equal to the number of revolu- 
tions into twice the diameter of the crank-pin circle. The 
proportion of the mean speed to the maximum speed is there- 
fore as two diameters to the circumference of a circle, or ap 
proximately as 7 is to 11 ; and hence the maximum speed of 
a piston is equal to its mean speed multiplied by the fraction 
y . The ratio of this speed to the allowed maximum speed of 
the steam in the passages furnishes the ratio of the area of the 
steam-ports to the area of the piston. 

Afcer the area of the ports is thus determined and a suitable 
length of the ports is selected, their width is found by divid- 
ing the area by the lengh. 

It is well to make the length of the ports as large as prac- 
ticable to procure a small width ; for the travel of the valve is 
directly dependent on this width, and reducing the travel 
implies a reduction of the amount of wo:k to be expended in 
overcoming the friction of the valve. 

Some attention is to be paid to the dimension of the exhaust 
port. If it is made wider than necessary the valve must be 
made longer than otherwise, and a needless increase of press- 
ure and a consequent loss of work from friction will result. 
If, on the other hand, it is made too narrow, the valve will, at 
the end of its stroke, cover it more than desirable and choke 
the exhaust. 

In order to find the proper width of the exhaust port we draw 
the steam -port J3, (Fig. 11) and over it one leg of the valve with, 
the proper inside and outside lap, first in its neutral and then in 
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its extremest position, removed towards the exhaust port. The 
distance db is the outside lap, he the width of the port, cd the 
inside lap, and ae or dg\% equal to half the travel of thevalye. 
The width of the bridge, c/, should be as narrow as possible,. 
»'. e, just wide enough to insure a perfect casting and sufficient 
strength to withstand the steam pressure. But if then the 
distance ef should happen to be less than a quarter inch, the 
bridge must be made wider accordingly, to prevent the possi- 
bility of a leakage of steam from the steam chest to the exhaust 
passage. If the bridge, on the other hand, is wider than neces- 
sary to prevent leakage, the inside comer may be rounded, as. 
indicated in Fig. 11, to facilitate the passage of the exhaust 
steam. The other edge, A> of the exhaust port should have a 
distance from the inside edge of the valve, g, equal to the- 
the width of the steam port he, or not much less in order that 
the exhaust steam need not contract beyond the area of the* 
steam passage when entering the exhaust port. After the- 
exhaust passage is thus located, the second port can be drawn 
on the other side and the dimensions of the slide valve can be> 
determined by drawing the other leg of the same over the: 
second port — as shown by dotted lines in Fig. 11. 

Velocity op the Valve. 

A few words on the velocity of the valve in the. different 
stages of its tiavel and on the rapidity of the opening and. 
closure of the ports will not be out of place. 

The valve moves with increasing velocity from the begin- 
ning of its stroke until it reaches its neutral position, where 
its speed is at the highest rate. Thereafter the speed again, 
diminishes until at the end of its stroke the valve comes, for 
an instant, to a stop, and then reverses its motion. If we- 
assume a perfectly uniform rotation of the crank-shaft, the 
velocity of .the valve w^ill always be in direct proportion to. 
the leverage under which the eccentric is acting upon the 
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Talve ; and as the selection of a scale for a graphical repre- 
sentation of this velocity is quite optional, we may choose th® 
length of this leverage directly for the representation of this 
velocity. The maximum velocity will then be expressed by 
the length, 0/, (Fig. 3) and this occurs when the eccentric is 
-at right angles, or, in other words, when it passes the line, 
Y When, however, the eccentric is, for instance, at F the 
actual leverage is equal to Oy*, and the corresponding velo- 
city is expressed by this length. In the foregoing it has been 
demonstrated that the triangles, OQk* and OFy* (Fig. 3) are 
equal ; and hence Ok -= Oy\ From this it follows that the 
diagram can also serve to answer the question of the com 
parative velocity of the valve for any stage of the stroke. 
All that is needed for this purpose is a line drawn from the 
point, Q, of the diagram, at right angles to the respective- 
cranl^-line, 0K\ when the distance of the foot, k, of this line, 
from the centre, 0, is the equivalent of the velocity of the 
valve while the crank passes the the line, OK^, To find the 
velocity of the valve at the point of the cutting off, when the 
crank is at OE, (Fig. 12) we draw the line, QA; at right angles to. 
OE, The distance. Ok, then represents the sought velocity,. 




Fig. 12. 
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4ind since the point, k, is thepoint of contact of the line, OB^ 
And the lap circle, X, we may remember, as a rule, that ths 
distance of this point of contact from the centre, 0, always 
represents the velocity of the valee at the moment of the eut- 
ting-off. 

The rapidity of the closure of the port depends not on 
this velocity alone, but also on the velocity of the valve from 
the time it begins until it completes covering the port. Fig. 
12 shows that, previous to the cutting off, when the crank is, 
say, at K", the velocity of the valve. Ok* is smaller than Ok. 
This result is jconsistent with the preceding consideration, 
according to which the motion of the valve is increasing be- 
fore reaching the centre of its travel, and as the valve cuts 
the steam .off before that point by virtue of the lap, the ve- 
locity is evidently less before the time of the cutting off than 
it is at that moment. It will also be seen now that the sharp 
ness of the cutting off suffera as the lap is enlarged, and for 
this, as well as for other reasons, the throw of the valve should 
be increased as more lap is added. 

The length of the steam ports favors the sharpness of the 
cutting off, and therefore, if like results are desired, the ve. 
locity.in other words, the throw, can be lessened in the same 
ratio as the length is increased. It should, however, at the 
same time be remembered, that an increase of the length of 
the ports implies a proportionate decrease of their width* if 
the same area is to be preserved. 
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Pbactical Use of the Diagram. 

The diagram explained in the foregoing can be applied in 
practice to any question relating to the construction of slide 
Talves. The question simply resolves into the problem of 
drawing the diagram in accordance >^'ith the given data, and 
the sought dimensions or results can be taken from it. Be- 
ginners are advised to sketch a diagram of the general form 
and to mark in it those dimensions that are known or given. 
The execu^on of a drawing to scale will then offer no diffi- 
culty. 

The diagram being drawn, it is easy to proportion the valve 
gear accordingly. The diameters of the ' * eccentric path Z ** 
of the diagram represents the travel of the valve, and the 
throw of the eccentric has to be made to correspond. The 
proper dimensions of the valve can be found as shown in a 
previous chapter (width of ports) from the laps given by the 
diagram. If a valve thus proportioned is properly set, its 
operation will correspond with the indications of the diagram. 

In setting a valve two things are to be taken into considera- 
tion : first, the length of the eccentric rod or of the valve 
stem, and second, the angular position of the eccentric on the 
crank-shaft. To accomplish the first point it is necessaiy 
that either the length of the eccentric rod or else that of the 
valve stem is made adjustable. It is an object to adjust this 
length with as few turns of crank shaft as possible, especially 
on large engines. To this end turn the eccentric until the 
valve stem is in one its extremest end-positions, say as far 
towards the crank-shaft as it will go. Then adjust the valve 
according to the greatest port-opening shown in the diagram, 
or, in other words set it so, that the distance of its outside 
edge from the outside edge of the respective steam-port {8 in 
Fig. 1) is equal to the greatest port-opening of the diagram. 
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This being done, set the crank on its dead centre "with the 
piston nearest the crank-shaft, and, holding it firmly in this 
position, advance the eccentric until the proper port {8 in 
Fig. 1) is opened by the valve to an extent equal to the lead 
required, and tighten it on the crank-shaft. If now the crank 
is turned on its other dead centre, the lead for that side will 
be found to slightly differ firom the lead required, owing to 
the influence of the angularity of the eccentric rod, which, it 
will be remembered, we had omitted to consider until now. 
To correct this difference, the eccentric rod (or the valve rod, 
4is the case may be) must be lengthened by one-half the dif- 
ference observed ; the remaining half of this mfference is 
subsequently removed by changing the position of the eccen- 
tric on the crank-shaft, care being taken that the crank re- 
mains on the dead centre to wliicli it was adjusted last. 

In this way the setting of the valve requires the crank to 
be set but once to each of its dead centres. 

A later chapter will show that sometimes the lead of tlie 
fore-stroke is required to differ from that of tlie return- stroke. 
The given rule will be equally applicable for setting the valve 
in such a case. 

In the following we shall leave out of consideration the in- 
fluence of the obliquity of the connecting rod ; in other words, 
we shall consider the connecting rod to be infinitely long. 
The position of the piston corresponding to any one crank 
4kngle may therefore be found by drawing the crank-path to a 
reduced scale, and projecting the crank pin centre on its hori- 
zontal diameter or any other horizontal line. The crank- 
drcle may sometimes be drawn to a scale to make it coincide 
with the path of the eccentric, as wiU be shown in some of 
the following problems. 

Problem L A small steam-engine of 7'' stroke is provided 
with a valve of |" outside lap and ^" inside lap. The travel 
-of the valve is 1^'' and the lead is adjusted to ^j,". What 
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-will be the aDgalqr advaace, how much exptuulon and cuafa- 
ioning will take place, when will the exhaust commence, and 
how much will the outer edge of the valve overrun the inner 

«dge of the port if the width of Hic port is ^", 

At first we sketch a diagram of the usual Ibnn (Fig. 13) 
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Fig. 13. 

»nd mark in it those dimeoBionB which are known, and in 
relemng to this sketch the course of construction will plainly 
he seen. The circle Z, representing the path of the eccentric, 
is given by its diameter, equal to the travel of the valve, and 
-can at once be drawn. The lap circle L should be ^" above 
the line OX, and its radius is known to be J", hence its centre 
Q must be -Jg" above OK. A horizontal line ^," above OX 
will therefore intersect the circle Z in Q, and both lap circles 
may now be drawn. The crank- positions E, C, A and A, 
will respectively Indicate the commencement of expansion, 
■compression, release and admission. If wo finally draw th6 
crank-circle Z' at a reduced scale and project the crank- 
centres on the line ffiff, which represents the stroke of the 
piston, we find the cutting-off to lake place at «, which is 4i" 
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of the stroke. Cushioning commences at c and the release at. 
r, respectively j" and J" before the termination of the stroke. 
The largest port-opening esm be directly measured in the 
diagram and will be found to be | "which is ^" above the width 
of the port The angular advance is given by the angle S, The 
point of admission is herfe and in most of the following pro- 
blems practically at the end of the line HH. 

Problem II. It is required to find the outside and inside: 
lap of the valve for an engine of 20'' stroke, to cut the steam 
off at J stroke (15") and to cushion the exhaust steam for 2"., 
The width of the ports is j", the travel of the valve 4", and 
no lead is to be given. 

The points for cut-off and cushioning being given, the cor- 
responding crank angles can readily be found, and they may 
be regarded as given, in the sketch Fig. 14. The lead, marked 
by a dart, should be made = 0, in other words, the lap circle 
should rest on the line OA. If we draw the crank circle to i 
scale it will coincide with the path of the eccentric. 

It may be remarked here that Fig. 14 and most of the fol- 
lowing valve diagrams are not made to full size, as they would 
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take up too much space. In practice, however, the eccentric 
path should always be drawn to full size to ensure a sufficient 
degree of accuracy. 

The construction will be as follows. Sweep the circle Z with 
2" radius. Mark on the line HHy representing the stroke of the 
piston, the points e and c, for cutting off and for cushioning, and 
obtain, through vertical projection-lines tlie corresppnding 
crank-angles OE and 0C7. Both the lines OE and OA must be 
tangent to the lap circle, the centre of which will therefore be 
located on the circle ^ by a line bisecting the angle EOA. 
The lap circles L and I can now be swept, from Q, tangent, 
resoectively, to OE and OG, and the crank angle for release, 
OR, can subsequently be drawn. The radii of the lap circles 
are the required laps, which are found 1" and \" respective- 
ly. The angular advance is 6^= QOA, the release, at r, takes 
place less then 1" before the end of the stroke, and the largest 
port-opening is = 1", which is J" above the width of the 
port. 

Problem TIL An engine of 16" stroke is required to cut 
off at 10" and have a cushioning of IJ". The largest port 
opening is required to amount to f " and the lead to J". 

The crank-angles for cut off and for cushioning, the lead 
and the greatest port-opening are known, as indicated in the 
sketch Fig. 15, and the diagram can be drawn as follows : 

Sweep the crankpin-circle Z' to reduced scale, and under 
it the line HH for the stroke of the piston. Mark on it the 
points 6 and e for expansion and compression and find the 
corresponding crank-angles O-^and OC, The lap circle must 
be tangent to OE; it must be J" above the line OX and must 
be J" fVom the centre 0. Therefore we draw a horizontal 
line h jj" above OX and a circle «, from 0, with a radius of 
I". The required lap circle must touch the lines OE, h and 
Xhe circle &, and its centre can be found by bbecting the angid 
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fbnned by OE and A and Ending by trial on this line & point 
(^ fnim which the required lap circle can be drawn. Th» 
circle Z swept from through Q forms the path of the eccen- 
tric. A circle from Q tangent to 00 gives the Ibslde lap 
circle, which in this case is fouod to represent negative lap, 
since the oiank-angle for comprcpsion should be tongent to 
the dotted half of the circle. The necessary dimensions are 
found to be : travel of the vslvs 4j", outside lap 1^", inside 
lap, negative, j". The release talcea. place 3^" before tbe 
«ndof tbe stroke. 

Problem IT. The stroke of an engine is 21" the travel of 
the volvc 3i", the outside lap is J" and the inside lap = 0", 
The wic'.th of the poris is J" and the lead i". By this valv» 
the culting-off ia effected at about ISJ" of the stroke. It i» 
required to change the cut-off to 14" of the stroke by chang- 
ing the throw of the eccentric, leaving the lead angle th» 
aatne a» it was before. 

We first draw the diagram fbr the original travut of 8^"' 



(Fig. 16)toobtiuiilheleBdaDgle jlOX Nextwe conitrnct 
the crank-angle OEtoc ihe cuttingoffat 14". Knowing now 
tliat the lap circle of the uew diagram, the radios of ^lUch ift 
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to he j", must touch both the lines OA and OE, we draw 
two lines at a distance of j" from, and parallel to, these two 
tines, and the point ot their intersection, Q', is the new cen-' 
tre of the lap circle. ItB distance from is the required throw 
of the eccentric, which is Ig". The greatest port opening for 
admission will he f " which is |" short of the width of the 
port The angle of advance, the degree of cushioning and 
the point of release can Buhsequentlj be found from the dia- 
gram in the nsual waj. 
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The Scope op the Common Slide Valte. 

The most primitive form of the slide valve is that without 
any lap, lead or angular advance, by the operation of which 
the piston will be exposed to the full steam-pressure on one 
side, and to exhaust on the other, for the entire duration of 
the stroke. But the instant the ci:ank passes the centre, the 
conditions are suddenly reversed and that end of the cylinder 
which was just being filled with steam is now brought m 
communication with the exhaust passage. It is evident that 
all the steam filling the cylinder cannot instantly escape 
through the opening which at first is very small, and a con- 
siderable back-pressure during the first part of the stroke will 
result. Besides, the expansive iK)wer of the steam is n >t 
utilized at all, but is prodigally wasted. To obviate thcsj 
losses lap must be given to the valve and the eccentric must 
be advanced. But the common slide valve should, under 
ordinary conditions, never be used to close the ports before 
half stroke, for a reason that will at once be seen if we ex- 
amine the operation of a valve with earlier cut-oflf. Suppose 
it was required to construct a valve with 4" travel, to cut-off 
at J of the stroke, with no lead. We draw the circle Z (Fig. 
17), determine the crank-angle OE for ^ of the stroke, and 
bisect the arc EA to obtain the centre Q of the lap-circles^ 
The outside-lap circle can now be drawn at once. Sup- 
posing the valve to be without inside lap, the cushioning 
on the one and the release on the other side of the pis- 
ton will begin when the crank passes the line OQ. Re- 
garding the line HW as representing the stroke of the 
piston wc find that compression and release begin at x ; the 
expansion, from « to «, is curtailed by an early exhaust, and 
the compression from a; to ^ is excessive. If i^c endeavor 
to dehvy the exhaust by giving inside lap, in order to prolong 
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the expansive action of the steam, we find, by drawing the 
lap circle I and the crank-angles 0(7 and OB, that the amount 
of cushioning will be increased. On the other hand, if we try 
to diminish the degree of compression it will be necessary to 
apply negative inside lap, which may again be represented by 
the circle I. The cushioning will then commence at OR ; 
but it will be noticed that this measure will hasten the release 
which then takes place at 00. We see from this that with 
no inside lap, both the release and the cushioning begin much 
sooner than desirable, and that any change for the sake of 
delaying the one causes a hastening of the other. 

Another very disadvantageous point will be noticed. The 
greatest port-opening indicated by this diagram is but little 
more than ^ of the travel of the valve. Hence it is clear that 
a plain slide valve so proportioned as to cut off at \ of the 
stroke produces but a small opening for the admission of the 
steam. 
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iBREOUIiARITIES OF THE CbANK MoTIOK. 

The relation betweea the movement of the piston and that 
of the crank shaft is in fact somewhat different from that con- 
sidered in the preceding pages. When the crank is at right 
angles (see Fig. 18) the piston in not in the middle of its 
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Fig. 18. 

stroke but is nearer to the crank -shafl, on account of the 
obliquity of the connacting-rod. At any other crank -angle 
the obliquity of the connecting-rod will likewise affect the 
position of the piston, though to a less extent, the nearer the 
crank approaches either of its dead centres. 

A circular arc swept from the crosshead end of the connect- 
ing-rod through the crank-pin centre will intersect the hori- 
zontal diameter of the crank circle in a point having the same 
relation to this diameter as the position of the piston has to its 
stroke. If it is required to find the true position of the piston 
for a given crank-angle, instead of projecting the crank-pin 
vertically, we should project it upon the horizontal diameter 
by a circular arc ; and when the position, of the piston is 
known the corresponding crank -angle can be found in the 
same way. The radius of this projection arc should be equal 
to the length of the connecting-rod, measured on the same 
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scale to which the crank-pin circle is drawn, and ita centre 
should be located on the line of movement of the crosshead. 

These variations from the previously considered ideal move- 
ment of the piston will evidently gain in extent as the con- 
necting-rod is shortened, and the latter should, for this as for 
other reasons^ rarely be made shorter than 4^ times the length 
of ihe crank. On horizontal engines it is usually equal to 5 
times the crank. 

It will now be understood that the piston runs ahead of ita 
ideal movement on its " forward stroke ' ' (that is when the con- 
necting-rod is strained on compression, ) and stays behind the 
same during its return stroke. The result will be the admis- 
sion of more steam on the fore-stroke than on the return* 
stroke, «Bd hence an unequal development of work at both 
strokes. This difference will be augmented by the presence 
of the piston-rod, which diminishes the active surface of one 
side of the piston, except where an extension of the piston- 
rod passes through a stuffing box on the back head of the 
cylinder. 

The movement of the valve, iu its relation to that of the 
crank shaft, is subject to similar inequalities, owing to the 
oscillations of the eccentric-rod, and the valve will be drawn 
more or less towards the crank-shaft. JQowever, as the eccen 
trie-rod is generally very long in relation to the throw of the 
eccentric, these variations are small, and besides their effect 
can etmUj be neutralized by slightly lengthening the valve 
ftem, which measure will cause the greatest port opening at 
the fore-stroke to be a trifle less tlian that of the return-stroke. 
This correction is achieved by the practice of setting the 
valve by the lead, or, in other words, by adjusting the valve 
stem while the eccentric-rod is in an inclined position. 

The inequality of the cut-off, occasioned by the obliquity 
of the connecting-rod, can be rectified by giving the valve a 
^Serent lap for each of the two ports, but this rectification is 
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attained at the expensp of an equal lead, and is therefore 
seldom taken advantage of in practice. 

An equalization of the compression can be effected by fol- 
lowing the same course respecting the inside -lap. 

On engines that are provided with valves having equal lap 
on both sides, a rectification of the point of cut-off can bo 
ficcomplished by lengthening the valve-stem. This opeiation 
is equivalent to an enlargement of the laps relating to a posU 
•tive movement of the valve and a diminution of those relat- 
ing to a negative movement ; it will therefore destroy th€( 
equality of lead, and it will more than rectify release and 
cushioning. In this case the neutral position of the valve is 
no more a central one, but is as shown in Fig. 19 where the 
laps ab, and c'd' exceed the laps a'b' smd cd, the former pern 
taining to a positive, the latter to a negative movement. 
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Problem V, It is required to find the exact positions of the 
'piston for the cutting off, the release and the cushioning pf 
the engine considered in Problem I., if the connecting-rod ia 
16" long. 

The diagram can be constructed as sliown before, but in- 
stead of drawing vertical projection-lines frpm the crank-pin 
centres E, (7, and B, circular projection-lines are to be 
nsed, of a radius equal to 16", measured^ however, on the 
scale to which the crank-pin circle has been drawn. The 
resulting points can now easily be transferred upon twa 
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separate line?, for the frae and the return stroke, na sliowu in 
Fig. 20. 

Fart Stroke 




Fig. 20. 



A comparison between the fore and the return stroke will 
be easier if the lower lialf of the diagram is drawn in com 
bination with the upper half (see Fig, 31). This fonn of the 
diagram shows very plainly the Mnount of tiie variation, as 
compared with the results of our first method of projecting by 
Terticat bnes. 

ProbUm VI. — The case of Problem II, Is to be solved for 
equalized cutotfand equalized compression, if the connect 
ing rod is 45" long and the lead for Ihc fore stroke ^''. The 
Bolntion of this problem involves the drawing of two distincl 
diagrams, one resembling Fig, 5, the other Fig, 6. both dif- 
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fering by their lap-circles, since the lap for both portfl wfll 
differ. Both diagrams can, however, readily be drawn in 
one figure 



^7? — 




I 

I 



— o 

Fore Stroke 



I. Return Stroke 



H 




rif eVa 



Fig. 21. 

We draw in Fig. 22 the crank circle Z, as we did in Fig 
14, and mark on the horizontal diameter the points e and e' 
for the cutting off", and c and c' for the compression. The 
crank-angles E, E', (7, and C are then found by sweeping 
the projection arcs of the proper radius, and it will be seen 
l^at the corresponding crank-angles for both strokes are no 
longer diametrically opposite. Since the lead for the fore 
stroke is given, j^he diagram for that stroke can be drawn 
by drawing the horizontal line h, -^'^ above OX, and bisect- 
ing the angle formed between this line and the line OE, to 
obtain the point Q on the circle Zy which, it will be remem- 
bered, serves in this case for both crank path and eccentric 
path. By drawing a line from Q through we find the 
];)oint C'> which happens to coincide practically with the 
point C in this case. Now we can draw the lap-circle i, in 
full line, from Q to touch OE, and its mate, in dotted line 
fix)m C'/ J^lso ^^^ lap-circle X', from Q* to touch OE', arid 
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its mate from Q. Nest we draw, in dotted line (ri'liiting to 
compreBsion, on tlio exhaust Bide of tlie piston), the lop-clrde 
I' from Q, and its mate from Q' In full line. The Inst lap- 
circle, from Q' tangent to 00, remains yet to be drawn, but 
its radius is zero. The diagram now shows that the lead for 
tbe return strolte is more than j'', which consideralily ex- 
ceeds that of the fore stroke, and due attention must be paid 
to this circumstance in adjusting the valve on tlie engine. 
Id fiict, herein lies the greatest practical difflculty in rectify- 
ing the cut-off as sliown, since most engineers are nccus. 
lomed to the praclW of setting the Talve to cq^ml lend, and 
this valve, when so adjusted, will distribute the steam to less 
advantage than if no rectification would have been attempted. 
In other respects there can l>e little objection to this meas- 
ure; for, nolwitl»tanding tbe considenkble lead opoiieside. 
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the space wbich the piston is compelled to travel against the- 
steam after admission is but a very small fraction of the 
stroke. The crank angles and positions of the piston for the 
release may be found without difficulty in the diagram. 

Those circles swept from Q in full lines represent the laps- 
of that side of the valve that covers the port, 8, (Fig. 1> 
while those swept in full lines from Q' give the laps for the 
other side of the valve. The inside lap of the steam passage, 
8, is zero. 

Problem YH, The valve considered in problem V is to be 
rectified for the cut-off by lengthening the valve stem. How 
much has the valve stem to be lengthened, and what effect 
will this measure have upon the lead and the exhaust ? 

The eccentric-path, Z, the crank-path, Z\ and the pomt, 
Q, can be copied from Fig. 20. The proposed lengthening of 
the valve stem will hasten the cutting off at the fore stroke- 
and delay that of'4|ie return stroke, and the cutting off will 
take place at the intermediate piston position, eP, (Fig. 21) 
obtained by a vertical projection.* After copying this point 
from Fig. 21, we can find the exact crank angles, E and 
E'y by the projection arcs of the proper radius. The out- 
side lap circles can then be swept, and their distance from the 
original lap circle equals the length by which the valve stem 
has to be lengthened, and which is found = about y^j". Tlie 
lead for the fore stroke will be zero, and that for the return- 
stroke "—J". 

In lengthening the valve stem by ^" the inside lap for the- 
fore-stroke becomes ^"H- xV" "^ ¥^ ^^^ ^^^^ ^^^ *^® return- 
stroke — y^'' "~ If '' "" ^- ^® can accordingly finish our 
diagram and determine the crank angles and piston -positions 

*Tbl8 last asBertion is theoretically incorrect, for the po^nt of cut- 
off, af^er the proper rectification will not precisely coincide with the 
Ooint, «^, but the difference is practically inappreciable. 
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for cushioning and release, and a comparison of the resulting 
points c, e', r and r' with the corresponding points of Fig. 20 
will show that tlie measure resulted in an over-correction of 
-release and cushioning. 




PART II. 
LINK MOTIONS 



\ 

\ 
\ 



1 



45 



Link Motions. 

It is often required that steam engines should be con- 
structed to run either forward or backward, as is the case 
wl'ih locomotives, marine engines, hoisting engines and others. 
Yalve gears, by which this end can be accomplished, are called 
*• reversing gears,*' and most of those now in practical use 
admit of a variation of the degree of expansion. The almost ex- 
clusive use of "Link Motions " for this purpose makes it of the 
utmost importance that steam- engineers should be perfectly 
familiar with the peculiarities of these most ingenious devices, 
especially since they can be proportioned to correct the dif- 
ference between fore and return stroke occasioned by the- 
obliquity of the connecting-rod. 

The number of different link motions and other reversing 
gears admitting variable expansion is not small, but it seems 
that the two first Inventions (the Stephenson, and the Gooch 
link motion) have stood the test for fitness and durability 
better tiian any of their followers. We shall therefore con- 
sider the theory of these two gears only, but it may be re 
marked that the operation of nearly every other reversing- 
gear can, in some measure, be compared with tliat of either 
of these two link motions. 
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Teqb Steph%37son LnrK Motion. 

This link-motion, the general arrangement of which is 
shown in Fi^ 24, is the one most generally used, e8X)eciallj 
on locomotives. 




Fig. 24. 

Two eccentrics P and F' are secured to the crank-shaft^ 
and the ends P' and P" of the rods of these eccentrics are 
Jointed to the ** expansion link" or commonly called, briefly, 
"link," which is a curved frame of wrought iron or steel, 
containing a sliding block B that is fitted into the slot of the 
link and is attached, by a Joint, either directly to the valve- 
stem V or else to a rocker by which the slide-valve is movecL 
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Two of the more usual fonns of the link are shown in Figs. 35 
and 26. The slide-valve is a single one of substantially the 
same shape as is used in stationary engines. The link is 
suspended at the stud D (Fig. 24) by the suspension -rod, or 
"hanger,** GD, and can be lowered or raised by means of 
the "suspension lever** FOy which is connected, as the 
drawing shows, to the reversing-lever CT", the latter moving 
on a notched arc on which it can be fixed at any desired 
position. The hanger QD may be attached to the lower end 
of the link (see D in Fig. 25 or P" in Fig. 26) or, to a stud 
secured to the centre of the link by a bridge or bracket (Fig. 
24.) Sometimes the suspension lever FG is located below 
the link, placing the hanger in an inverted position. 





Mg. 2(i. Fig. 26. 

The eccentric T' is called the forward eccentric, and is 
fiistened to the crank-sha^ft in such a position that its operation 
upon the link-block B would produce a forward-rotation of 
the engine. The other eccentric, /", is the backward or 
backing eccentric, and would cause an opposite rotation of 
the engine if conected with the link -block. 
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When the crank-shaft rotates, these two eccentrics tHU 
transmit to the link a movement of a very peculiar character^^ 
being both oscillating and reciprocating at the same time. 
By lowering or raising the link either of the two eccentrics 
can be brought in action, and thus the engine may be run 
forward or backward at pleasure. The link can, however, 
also be used in intermediate positions or "grades" when 
both eccentrics more or less influence the movements of the 
valve, and it will be the chief object of our future investiga- 
tion to find the law of the movement of the valve for any 
grade of the gear. 

The eccentric-rods may be used either "open** or,, 
"crossed.** They are called "open** when they are con- 
nected with the link as represented in Fig. 27, and "crossed** 
when they are arranged as Fig. 28 shows. To make thia 
distinction both eccentrics must be inclined towards the linK 





Fig. 27. 



lig. 28. 



for when the crank-shaft is turned half a revolution, to bring 
the eccentrics on the other side, the link-motion with open 
rods will appear crossed, and vice versa, and care must be 
^ken, therefore, not to confound both typea. 

When the link-block is not attached dlreclly to the valve- 
stem, but to a rocker, by which the direction of motion ia 
reversed and so transmitted to the valve, the position of the 
crank in relation to the eccentrics is indicated by the lines 
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OK' (Fig. 27 and 28) as will be understood by consulting 
the rules given in the chapter on "the angle of advance." 

A right line drawn from tfte centre O of the crank -shaft 
through the block ^B shall be termed the "centre-line " of the 
link motion. When the crnnk is on one of its centres, the 
centre lines of the eccentrics /' and 1 " voAy form e^ual or un- 
equal angles with the line F, which is drawn perpendic- 
iilarly to OB. The reason why these angles are sometimes 
made unequal will be given later. 

The Theory. — The described link motion consists of a num- 
Tjer of oscillating and reciprocating parts, and the exact law 
of the movement which the link in its several grades of gear- 
ing transmits to the slide valve is extraordinarily complicated. 
Our theoretical investigation will therefore be based upon a 
aeries of assumptions similar to those we made when consid- 
ering the common slide valve. We shall thus disregard the 
effect of the oscillation or obliquity of the connectmg rod and 
of the eccentric rods, and, besides, assume that every point of 
the link were moving in a right horizont^il line, or, in other 
words, we shall overlook the vertical vibriation of any part of 
the link motion. A subsequent chapter will then treat of the 
modification that our theoretical result sliHers from these neg- 
lected influences, and show a method for finding the means to 
make these influences compensate each other. 

The mentioned assumptions would imply a distortion of the 
link during its movement, and to keep^these distortions ^vith 
in as small a margin as possible, we j shall study the move- 
ment of the link while in its mid gear, when the link block 
will be operated by the centre of the link. It can then be 
demonstrated that the movement of aiiy point of the link can 
be considered as though it. were produced by -a separate ec- 
centric, and It remains now for us to flntt the position of this 
Imaginary eccentric. 
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Suppose P and 1" (Fig. 29) to represent the two eccentrics 
of a link motion, the link P' P" of which is shown in its 
neutral position, obtained by transferring tne encls of the ec- 
-centric rods to the centre of the crank shaft. Since we as- 
43ume that all points of the link, and hence also the pins P* and 
P", were moving in horizontal lines, we should first under- 
stand the movement of the latter. Let us consider for this pur- 
pose the forward eccentric separately, in Fig. 30. 




Fig. 30. 

If the end P of the eccentric rod in this case were moving 
in the linep'p", the angular advance of the eccentric /for 
this movement would be the angle T' 01, T' being at right 
angles to OP, If it would be desired "to produce the same 
movement on the horizontal centre line (by a horizontal ec- 
centric rod), the proper position of the eccentric would then 
be found at i by making its angle of advance YOi — Y' OL 
However, the movement of the pin P is actually in the line 
P' P", and, therefore, when the eccentric 1 is at I' or /" the 
end P will not be at p' or p'f, but at P' or P", respectively. 
The arcs p' P' and j>" P" are very short in proportion to 
their radius, and may therefore be considered, approximately, 
to be right lines, forming right angles with P. Now it 
will be observed that the travel P' P" slightly exceeds p* p'f, 
4ind hence also the diameter of the eccentric path Z, ^nd to- 
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produce a movement, on the horizontal line X, equivalent 
to that of the pin P on the line P' P", we would have to in- 
crease the throw of the eccentric from i to Jj by making J 
— P P'. The point J can therefore be regarded the ** ideal 
eccentric " for the movement of P. 

A glance will now show that the angle lOJis equal to the- 
angle P OX '^ p, in other words, to obtain the ideal eccen- 
tric J, the eccentric 1 would have to he moved on the crankshaft, 
through the same angle and in the same direction as the eccen- 
centric rod P would h^ve to he moved to hring it in a horizontal 
position. Besides, the triangle IJ is equal to the triangle 
Pp' P'y whence it appears that the line J I is at right angles 
with OL 

Applying these results to Fig. 29, we find the points /' and 
J" representing the ideal eccentrics for the movements of the- 
extreme points P' and P" of the link, by making P OJ' ^^ 
pi J'f -= /3, and besides P J' and P' J" at right angles to P 
and OP't respectively. 

We are now prepared to study the movement of any point 
of the chord P^P^^ of the link, say of h. It can be asserted 
that, by dividing the line J^ tP^ in the same proportion in 
which the point h divides the chord P^ P^'', a point j is ob- 
tained that can be considered the ideal eccentric of the move- 
ment of the point h, (The point h being on the forward end, 
P^, of the link, the pointy' is on the side of the forward eccen- 
tric J^ of the line J^ J^^. ) To prove this proposition we show, 
in Fig. 31, the crank K rotated through the angle a, and 
also the several real and ideal eccentrics, in their correspond- 
ing position. The link will then assume the position P^ P^\ 
and p^ p^^ shows its neutral position, intersecting the line 
OX" in the point m, "We then project, upon the horizontal 
centre line, the jwints P\ P^^ and h and the ideal eccentrics 
J^ J^^ and j, obtaining the points X\ X^\ X, x\ x^^ and x. 

According to the foregoing demonstrations, the position 
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JFlfflF. 31. 

of the points x^ and x^^ in relation to will correspond with 
that of the points X^ and X^^ in relation to m, and since the po- 
sition of X in relation to t^ and x" will correspond with the 
position of X in relation to X^ and X'^, on account of the 
proportional division of the lines J' J^' and P^ P^^, it is evi- 
dent that the distances x and m X are equal ; or the hori- 
zontal movement of the point j equals the horizontal move- 
ment of the point 6, and our assertion is demonstrated. 

It roust, however, be remembered that an eccentric at J can 
produce a movement as said only by means of a horizontal ec- 
centric rod, and if it was desired to produce the movement of 
the point 6 by a direct connection, it would be necessary that 
1 he eccentric rod should have an inclination — /3^ (see Pig. 29). 
The case would then come under the same head as that con- 
sidered before (see Fig. 30), and knowing the ideal eccentric 
J (Fig. 29) we can find the desired eccentric t by making the 
angle j Ot-^ P' and j t at right angles to Oi. Thus it is dem- 
onstrated that if an eccentric, at t, were added to the two ec- 
centrics P and /'. and were connected by an eccentric rod 
with the point b of the link, these three eccentrics would ope- 
rate m perfect harmony ; but it should never be lost sight of, 
that this entire demonstration is based on our initial assump- 
-tkons and is therefore only approximately correct 
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A lowering of the link tliat brings the point b in the centre 
line X will also bring the imaginary eccentric i in a direct 
line of action, and the link block will move as if it was moved 
by this eccentric ; the point i is therefore the ideal eccentric- 
of the movement of the valve for this grade of the link. 

The movement of other points of the link can be examined 
in the same way, and the result will be a series of "ideal ec- 
centrics," like i, forming a continuous curve PiPf (Fig. 29) 
which may be termed " locus tf ideal eccentrics," or briefly 
locus, and it is demonstrable that this curve is a circular arc,, 
tangent to the line J'J'^. 

Directing our attention to the quadrangle i^j t, we will 
notice that the angles at P and at i are right angles, and 
therefore, if we di*aw the line iP, the angles tPjand »0/ 
will be equal, according to a well known geometrical propo- 
sition. This shows that the line ii^ forms right angles with 
the line b, since we made tne angle i Oj — ^9', which is the^ 
augb through iihich the link and the eccentric rods have to 
be lowered (starting from the mid-gear) to bring the point J, 
and hence also the ideal eccentric », in direct action. The- 
same thing is true for every other ideal eccentric, and also for 
the real eccentrics V and /". 

Referring to this fact, we can find the centre of the " /ocws '* 
by toiwing a line through P, perpendicularly to OP*, that 
intersects the centre line OX in P, and by subsequently bi- 
secting the line P »o by a line parallel to P', that intersects 
the line X in the required centre o of the arc /' P P', 

If now the circle of the locus is extended to its second inter- 
section at n, with the line OX, and wc draw the lines nP^ 
and n% it can easily be proven that the horizontal inclination 
of these lines will equal the angles /? and p' respectively ; 
Iience nP is parallel to P' and ni parallel to b 0. This, 
fact can very conveniently be used for locating on the loeu%: 
the Ideal eccentric for any point of the link. 
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In the foregoing we investigated tlie movement of a link 
with open rods. If, however, the rods are crossed, the in- 
clination of the eccentric rods will have the effect of diminish- 
ing, not increasing, the angular advance of the eccentrics. 
The ideal eccentrics for the movement of the «Ads P' and P^'^ 
of the eccentric rods (Fig. 32) will be found to be located at 
J^ and J", in accordance with the rule found in relation to 
Fig. 30. The locus of ideal eccentrics can now be determined 
as before, and will again be found to be a circular arc, but ita 
convex side will be turned towards the centre of the crank- 
shaft. The rules for finding the centre of this arc and for lo- 
cating the ideal eccentric for any point of the link, are ther 
flame for crossed as for open rods. 




% 
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^ Fig. 32. 

If the link has the form shown in Fig. 26 it cannot be low- 
ered or raised far enough to bring the pins P^ and P" in the 
centre line, and the extreme positions to which the link can 
be lowered or raised were heretofore regarded intermediate 
grades. Only a portion of the link is available, and we can 
therefore use only a portion of the locus of eccentrics, as shown 

in Fig. 33. 

For convenience, the rule for constructing the loeus of ideal, 
eccentrics shall here be recapitulated in a condensed form. 
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Fig. 88. 

Make a skeleton drawing (Fig 29) showing the position o^ 
the eccentrics F and /", relatively to the centre line of the 
link motion X, while the crank is on one of its dead centres 
Then draw the link P' P" in mid gear, m its neutral position 
(which may be done to reduced scale) and a line through the 
forward eccentric P. at right angles with the forward eccen 
trio rod 0P\ meeting the line OXmiO Bisect the line /' 
P by a line parallel to P' and obtain the centre o of the 
locus.^ Sweep the locus PPI" and mark at the same time 
the point n of the same circle, The ideal eccentric of any point 
of the hnk, say of 6, is found by drawing through n a line 
parallel to the Ime 6 0, which intersects the iocus in the 
•sought point %, 

The 'Valvb Diagram. 
According to the foregoing, the movement of the yalve of 
%e Stephenson link motion can be supposed to be derived from 
a series of eccentrics, and hence the distribution of the steara 
can be studied by a series of valve diagrams. To find them we 
perform the doable operation of rotating the diagram of ideal 

. — ■ ■ ' - 

* If the eccentric rods are crossed, the points P' and P" will ex 
«hange their places, and the centre o of the loeti^ will accordinglf 
Iw found on the other side of the crank -shaft. 
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eccentrics {Pi^l") ihrou>;h 90°'ali'cl inverting it. This transfet 
or conveisiou can, in fact, most readily be accomplished by 
means of a piece of tracing paper, in the manner described 
on page 11. Thus we obtain the curve (^ g° C (Fig. 34) on 
which the centres of the lap circles of the required valve dia-^ 
grams will be located. 



>• 'T/ 




Mff. 34. 

The investigation of five different grades will fully suflace for 
a clear understanding of the operation of the link, and the 
study of more intermediate grades will offer no difficulty. We 
Bhall choose for this purpose the lowest position of the link and 
every following grade produced by successively raising the link 
one-quarter of its length, ending with the link in its highest 
position. The corresponding centres of the valve diagram (Fig. 
84) are Q\ g\ q^, q" andQ''. Both lap circles can now be swept 
from each of these points, and we obtain for the first grade, 
forward, the crank angles OE^ OC, OR and OA for expansion^ 
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^niBbioDiog, release and admiBsion of steam. After drawing the 
•crank eircle Z^^io reduced scale, we can find the ctjrresponding 
positions of the piston, e^ c, r and a on the line 1, by projectibg 
the points E^ Cy B and A, The positions of the piston for 
the corresponding stages of the steam distribution of the other 
grades can be located in the same manner, and are marked on 
the lines 2, 3, etc. The crank-lines necessary for their con- 
struction are, however, omitted in Fig. 84, to avoid confusion. 
At all these grades the steam is admitted, on the steam side, 
until the piston arrives at e, it expands between e and r, and is 
exhausted for the rest of the stroke. The exhaust side of the 
cylinder is in communication with the exhaust passage before 
arriving at <;, where cushioning begins, and at a the port is 
opened again and steam is admitted for the following stroke. 

Now, it will be seen that at grade 2, expansion, compression, 
release and admission take place earlier than at the first grade, 
showing that the link furnishes means for varying the degree of 
the cut-ofF. The action of the valve at the mid-gear, or grade 
8, is remarkably symmetrical as regards both ends of the cylinder. 
Expansion, compression and release begin at very early stages 
of the stroke, and the admission of steam for the following 
stroke, at a, takes place at such an early time that the piston 
has to force the admitted steam back into the boiler to complete 
its stroke. This action will last as long as the admission of 
steam at the beginning of the stroke, and the work then de- 
veloped will be entirely consumed. Steam is exhausted on the 
exhaust side of the cylinder from the beginning of the stroke 
up to e^ where cushioning begins, while on the other side steam 
is exhausted after the piston passes the point r. The steam 
expands while the piston moves from « to r, and the exhaust 
steam is compressed between c and a, which are again at equal 
distances, but as the mean pr^ssufe of the expandhig steam 
generally exceeds the meaa pressure at compression, there is a 
43light gain of work, which, however, is rarely sufficient to nm 
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the engine when without any load. This Bfngular process is the 
same whether the crank-shaft rotates in tlie one or in the 
other direction. By reason of these facts the centre of the link 
ts called, very properly, the **dead point of the link." 

Passing over to grade 4 we find the action of the valve to be 
hastened still more, (see upper line.) The steam is now 
admitted on the exhaust side (after the piston passes the point 
a) for a considerably longer period than on the steam side, 
^before the piston passes the point e) ; hehce the motion of the 
crankshaft will be retarded — the admitted steam tends to rotate 
the shaft backward. At this grade the Jink is indeed raised so 
far that the backward eccentric /" exerts a predominating in- 
fluence upon the valve, and we might have arrived at the above 
•conclusion without the' diagram. The distribution of steam 
will, therefore, take place as shown by the lower line. How- 
-ever, the upper line, (grade 4) shows the process when a running 
engine is suddenly reversed. The engine will act like a pump, 
forcing air from the exhaust passage into the boiler uutil a 
stoppage and reversal of the rotation is effected. But as most 
locomotivcR exhaust into the smoke-stack, the air which is thus 
pumped into the boiler contains ashes in suspension which are 
apt to precipitate on the walls of the cylinder. It is, therefore, 
very injurious for the engine to reverse in this way, unless pro- 
vision is made to cut off the communication of the exhaust- 
passage ^ivith the smoke-stack. 

The line 5 (Pig. 34) shows the action of the valve when the 
link is fully reversed. 

As regards the lead, the behavior of the Stephenson link- 
motion is very peculiar. The lead being represented by the 
distance of the lap circle from the horizontal centre-line, the 
diagram (Fisr. 84) indicates that the lead is variable at the dif- 
ferent grades. It is greatest at the intermedi.ite grades and 
least at the full-stroke grades. It will further be Re^n that the 
lead at the mid-gear is equal to the greatest port opening; of the 
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Bame grade, the yalve being at the end of its travel when th» 
crank is on its centre. The greatest port opening is found to 
1)6 greatest at the fall-stroke grades and least at mid-gear. 

.- - z ^ 
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Fig. 35. 

In Fig. 85 is shown the valve diagram of a link-motion 
with crossed rods. We find in this case the behavior, relating- 
to the lead, reversed, as compared with Fig. 34, and besides 
the greatest port openings for intermediate grades decidedly 
smaller. This latter is the principal reason why crossed rods 

are seldom in use. 

The Link and Its Suspension. 
The slot of the link should be curved in such a way that the 
g^f^ "centre of movement" or ** neutral 

^ ft**^- posi tion" of the valve should be the 

same for every grade of the link- 
f Hence, if we transfer the ends of 
the eccentric rods to the centre O 
(Fig. 36) of the crank- shaft a lower- 
ing or raising of the link should not 
afPect the valve. This condition is- 
fulfilled when the curvature of the 
link (in the position shown in Fig. 
36) is a circular arc swept from the 
centre O of the crank-shaft. Both 
mff.86, eccentric rods should, therefore* 

he of equieLi len^h, and the radius of the centre line of the slot 
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<qual to the length of the eccentric rod plus the distance of 
•the pin-hole P' (Fig. 25) from the centre line of the slot. If 
the link is as shown in Fig. 26, the latter distance is » zero. 

The link should be made neither too long nor too short. A ^ 
<lefinite rule cannot be given to comply with the different con- S^yff 
<iition8 to which link motions may have to be adapted. Good /^ 
results may be obtained, in most cases, by making the available x/ 
length of the slot of the link about six times the throw (JOV) ^^ 
of the eccentrics. The actual length, of course, must be longer 
by something more than the height of the link-block. 

The mode of suspension of the link has a decided lafluence 
upon the regularity of the action of the link-motion. In our 
investigation we assumed that every point of. the link were 
moving in a horizontal line. To approach this supposition as f 
near as possible, the suspension rod QB (Fig. 38) should be \^ 
made as long as space and convenience will permit, in order to '^t-^ 
flatten the arc in which the point D moves. Besides, to keep X r» 
this arc in a horizontal position, the neutral position of the rod \ * 
QB should invariably be vertical, whether the link be raised or ^/^ 
lowered, and this will be the case if the upper point O of that 
rod is guided in an arc O' G^'^ which is equal to the arc B^ B^\ 
in which the pin B of the link is moving as the link, in its 
neutral j^sition, is lowered and raised. The centre F of the 
suspension lever should, therefore, be vertically above 0, at a 
distance equal to the length of the hanger GB, while its length 
FOj should be equal to the distance OB in Fig. 36. 

If the link is suspended by the lower pin P^', Fig. 37 will 
have to be substituted for Fig. 86, in the above demonstration. 
In practice, the length of the suspension lever, FO, is seldom 
fnade of the length required by this rule, sometimes for want 
ot space, at other times on account of the inconvenience of 
such an extreme length. Besides, It is a general practice to 
purposely introduce certain irregularities by the mode of 
suspending the link, to compensate for the unequality between. 
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fore and return stroke, caused by the angularity pf the connect- 
ing rod. This matter will be discussed later. 




Equalization of tfb Lead. 

We have seen that the lead of the Stephenson link motion iff 
variable with the different grades, and this is regarded by some- 
engineers as a disadvantage of this valve gear. It is, however, 
questionable if this objection is really worth much attention. 
We shall, therefore, but briefly discuss the method that is 
sometimes employed to equalize the lead. 

The said variation of the lead is owing to the change of the 
inclination of the eccentric rods in changing the grade, and 
will, therefore, be reduced by the use of long eccentric rods, 
and a comparatively short link. It can be traced back to the 
variation of the locns ri^F'(Fig. 29) from a vertical line. 

The method alluded to consists in giving to the forward 
eccentric P a greater angle of advance than to the backward 
eccentric r\ (Fig. 88), when the locus of ideal eccentrics caa 
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be found as befi>re, the result 
being the arc 11^1", The lower 
half of this curve now approaches 
more nearly a vertical line, (com- 
pare Fig. 88 with Fig. 29), show- 
ing that the lead will be less 
variable at the different forward 
grades, and this variation is least 
if the point t® is vertically above 
r. The upper half of the locua 
in Fig. 38, however, deviates con- 
siderably more from a vertical line than before, hence the 
equalization of the lead for the forward grades is accomplished 
at the expense of the lead of the backward grades. 

A link-motion with equal angFes of advance can be changed 
to have equalized lead at the forward grades by advancing 
both eccentrics throui^h a certain angle, in the direction of the 

for ward rotation of the shaft,, 
or else by moving the crank 
in the opposite direction 
through the same angle. In. 
this latter case, nothing in 
"" relation to the hnk-motioa 
is disturbed, and the original 
diagram of ideal eccentnca 
(Fig. 39) will serve, the only 
difference being a change of 
Fiff. 39. the crank from OK to 0K\ 

and the latter line is the base line for the new diagram, aa 
regards the angles of advance, while OK remains the centre 
line of the locus. This result is identical with that obtained 
before in Fig. 88, but by this way of reasoning we can easily 
ascertain through what angle the crank should be shifted in 
order to get the line'i'i^' at right angles with the new base hne 
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OK\ This angle is evidently «- I't^ J"«=y3. (See Fig. 29.) 
If the link is as* shown in Fig. 40, the crank need only be 
shifted so that the points V and i^ (Fig. 33) are in a vertical line, 
and hence the angle ^' (Fig. 40) should be used for the cor- 
rection. 



/'/C 




Fig. 40. 

The corresponding valve diagram is sbown in Fig. 41, 
it will be seen that the lead remains nearly the same 
grades Q^ q^ and $®, but it diminishes rapidly, as the 
raised farther and adjusted to the grjdes q" and Q,^\ 
latter grade the lead may even become negative, in other 
the opening of the steam-port takes place after the crank 
its centre. 

This method can evi- 
dently be applied with 
advantage only on en- 
gines which are princi- 
pally used running for- 
ward, as is the case with . 
marine e gines and loco- 
motives. 
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Problems. 

Problem VTII. — A Stephenson link-motion, with open rods, i» 
to be constructed, to cut off at ^ of the stroke when at full 
grades, with a lead of ^". The largest port opening for the 
full grades is required to amount to If" and the inside lap to be 
i'\ The Imk is of the form shown in Fig. 25, its length P'P^' 
is 12'', the distance of the pins P' and P'^ from the centre-line 
of the slot is 3'' and the length of the eccentric rods is 3' 6''. 
The link-block is directly geared to the valve-stem, and at full 
grades the eccentric rods are to be in line with the link-block. 
The proper dimensions and positions of the valve and eccentrics 
are required, and besides the elevation of the link when required 
to cut off at ^ and f of the stroke. 

Since we know the greatest port opening, the lead, the point of 
cut off and the inside lap, for both full grades, we can find the 
points Q' and C of the valve diagram (Fig. 42). Next we 
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locate the link P'P'^ (Fig. 43) in its neutral position in mid 
gear at reduced scale. Mark the eccentrics i' and P^ to correspond 
with (^ and Q'' of the valve diagram, draw the line Pi^ at right 
angles to P'O and bisect Pi^ parallel to P'O to get the centre o- 
of the locus., The locus can now be drawn in Fig. 43 and trans- 
ferred to Fig, 42. In Fig. 43 the point n can also be marked, 
either by extending the circle of the locus, or by drawing Pn 
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parallel to OP^. To find the positions of the link for the re- 
quired intermediate grades we draw the crank angles OE^ and 
OE'^ (Fij:. 42) to correspond with f and f of the stroke of the 
piston, a id find on the curve Q'Q'^ the centres g' and 5" of 
the lap circ'es that are tangential to these crcnk angles. Finally 
we t^an:^fer the points q^ and g'' to Fig. 43 (i' and i'O a^d draw 







Fig. 43. 

the lines Ob^ and 06" parallel to i'n and t"n, and J' and 5" are 
the points of the link for the required intermediate forward 
grades; those for the corresponding backward grades are in a 
symmetrical posi' ion. Wo find, besides the angle of advance =cJ, 
the throw of the eccentrcs 07'— OP' = 21" the outside lap 
= 1" The radius foi- the centre-line of the slot of the link 
should be =3'6"-f 3"=3'9". 

Problem IX. A Stephenson link-motion with open rods is 
required with a link of the form shown in Fig. 26. Tbc cut- 
ting off for the first forward grade is to take place at ^ of the 
stroke, with a lead of ^'^ The largest port opening is to be 
= IJ" and the inside lap |^^ It is desired that the lead should 
be equalized for the forward grades. The length of the eccen- 
tric rod is 3'6", the link-block is attached, at a leverage of C, 
to a rocker, from which the motion is ti?an£^i!ted to the yalve 
by an arm of 12" length. The centre Knaof the engine is in- 
clined to the centre-line of the link- mot' on, by nn angle of 15®, 
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as shown In Fig. 44. The length of that portion of the link (h^h^^ 
Fig. 40) that is actually used is to be equal to three times the 
travel of the link-block Yihea in full gear. It is required to con- 
stract the yalve diagram, to find the throw and the position of 




Fig. 4:4. 

the eccentrics, and the length of the link shall be determined, 
if the distance / 'd' (Fig. 40) is =8''. Any question relating to 
intermed'ate grades can, of course, be solved as in the preceed- 
ing problem. 

The required valve diagram is shown in Fig. 41. At first we 
can construct the centre Q^ for the first forward grade, showing 
the travel of the vaWe at that grade to be 4^^^ with an outside 
lap of J'^ Owing to the unequal leverage of the rocker, the 
corresponding travel of the link block is 3f " and the length l/h'^ 
of the link is accordingly lOJ''. The length of the eccentric 
rods I eing given, we can now locate these two points of the 
link, at reduced scale, (Fig. 45) and find the angle /3^, which is 
the angle of equalization of the lead. We can thus consider 
the case in the way shown in Fig. 39, i.e. — we consider the line 
01/ (Fig. 45) as the b<ise line of the diagram of eccentrics, and 
can accordingly transfer the point Qf (Fig. 41) of the valve 
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diagram to its proper position »' in tlie diagra n of cccentrica 
Fig. 45, by tlie angle S, The locus can nsxt be drawn, as usually, 
and it should be extended to bo:h sides, in tbis case. The 
drawing of t'le link caa theu be completed by raak'ng 6'P'=. 
^"P"=3'', aud the points /' and 7",corresponding to the points 
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Fig. 45. 

P' and P'' are found by making nl' and wi'^parallel to P'O and 
P"0, respectively. But for the unequal leverage of the rocker 
the points F and i" would represent the eccentrics by which th3 
points P' and /*''' of the link should be worked, and their throw 
would be 3J". But as the case is, this figure is subject to a re- 
duction and the actual tlirow of the eccentrics must be made 

When we complete the valve diagram, Fig. 41, we find the 
lead for the first backward grade to be negative, about \^\ whch 
is certainly not a very desirable feature. The variation of the 
lead in the present link-motion assumes such proportions, on 
account of the rather unusual shortness of the eccentric rods. 
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The slot of the link should be curved by a radius of 3^6^'^ 
equal to the length of .the i 

eccentric rods. ^ ' • ""X* ^^ 

To find the proper poai- /^ V . ^s^v 

tion of the eccentrics on J^/ \ \ \\ 

the crank shaft we deter- ^"^■'^"••^^^^ 
mine the angles <5' and <5'', ■"• — r • — • — 
the line OF' forming right \ I / 

angles with the base line \ / i ^ 

I/O (Fig. 45). Then we \^ llS" / 

draw the crank OK (Pig. "^ •J'^lL - - '^ 

46) on its centre, which is 1 

at an inclination of 15<>, Fig. 46. 

and locate the eccentrics r and 7^^ by their angles of advance^ 

<J'and<J^ ^ 

Ibregulabitiss and Theib Keotifioation. 

The results of the foregoing considerations \«ill be somewhat 
modified when we take into account the complicating clementa 
of the link and crank motion. 

The effect of the augularity of the connectmg rod has been 
considered before. 

The irregularties arising from the oscillations of the eccentric 
rods can be corrected by adjusting the valve to have equal lead 
at the fore and return stroke. 

The oscillation of the link has the effect of drawing the ends of 
of the eccentric rods nearer the centre line, and since this- 
(by reason of the inclined position of the eccentric rods) is accom- 
panied by a horizontal movement from the crank-shaft, thia 
influence is equivalent to a temporary lengthening of the eccen- 
trie rods while the link is inclined. 

Another source of variation from our theoretical results is the 

''slip." Owing to both the mode of suspension and the oscillation 

of the link, the latter is caused to slip up and down on the 

' block, and the valve is not operated from a fixed poirt of the 
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link. Tbe slip depends mainly on the mode of suspension and, 
as a general rule, has likewise an effect equivalent to a tempo- 
rary lengthening of the eccentric-rods as the link assumes an 
inclined position. The slip can be reduced by lengthening the 
link and by suspending it as shown in Fig. 36 or 87. 

There are still other influences of a similar character, bat 
being of minor importance their special mention is here omitted. 

It will be remembered that the cutting off on both ends of 
the cylinder can be rectified by lengthening the eccentric rod, 
but that this proceeding will render the lead unequal for both 
strokes. Hence, if we could temporarily lengthen the eccentric 
rods for the time of tlie cutting-off and restore their original 
length for the beginning of each stroke, the cutting-off could 
be equalized without destroying the equality of tbe lead. Now, 
we have seen that the link-motion possesses a feature of this 
description, and by a judicious choice of certain dimensions we 
may correct one irregularity by the other. This correction, it 
^11 be seen hereafter, is accompanied by rn increase of the 
slip, and we have to choose one of two evils : increased slip, 
which is attended with greater wear on the link-block, or un- 
equal cut-off, which is attended with a less uniform motion. 
The former is preferred by most practical engineers. 

We may consider the subject of rectification in a somewhat 
different light. It is known that the cylinder takes more steam 
on the fore-stroke than it does on the return-stroke, if no recti- 
fication is attempted. . Remembering, now, that with the link- 
motion we have the power to change at pleasure the de- 
gree of expansion, it is easily seen that a raising of the link on 
the fore-stroke and a lowering on the return-stroke does pre- 
cisely what we want. There are two means at (ur disposal 
that will accomplish this automatically. We may shift the 
suspension pin of the link, laterally, towards the inside or out- 
side of the link, as the case may require, and employ the 
''oscillating movement "of the link for the purpose; or we 
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may place the banger in an inclined position, turning the 
**reciprocating movement" to our use. 

Attention should, however, be paid to one circumstance. If 
"(he link is suspended by its centre, there are two gradts (one 
forward and one backward grade) at which the suspension pin 
of the link, as the valve is cutting-off at the return-stroke, will 
have returned to the same position it occupied at the same 
period of the fore-stroke, and which we may call, for future 
reference, the *' reciprocal grades." At these grades the cutting- 
off IS effected the moment the imaginary ecentric t° (Fig. 47) 



Fig 47. 

of the movement of the suspension pin D is at right angles to 
its imaginary line of operation, OB, The inclination of the 
hanger can, therefore, not produce the required lowering or 
raising of the link at either stroke, and we can employ only the 
oscillating movement of the link for correction. 

Since we are restricted to guide the upper end of the hanger 
in a circular arc, the radius of which is limited to a certain de- 
gree, we cannot, after correcting the reciprocal grades, accom- 
plish the perfect rectification of any more than two additional 
grades, and it is best to choose the full stroke grades for this 
purpose. The other intermediate grades will then be found so 
nearly rectified that there will be no need for any further im- 
provement. 

The number of grades for which a correction is possible, when 
the link is suspended on its lower end, is likewise limited to 
four, and in order to bestow the rectification upon advan- 
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tageonsly distributed grades, a c&refal lateral location of Xh» 
BDspeDsion pin is necessary. If a choice in this respect is ex- 
cluded, for instance, if one of the pins of the eccentric rods i» 
used for suspension, we must be contented with a less perfect 
rectification, or as the case may be by bestowing a perfect rec- 
tification upon the forward grades only. 

The selection of the grades for perfect rectification of the- 
cut-off must be left to the judgment of the designer; it is, 
however, not necessary to take any of those grades for whick 
the arc of the reverang-lever is notched, as any other interme- 
diate grade is equally seryiceable. As a rule, the full stroke 
grades, aud those for cutting-off at half stroke, for both forward 
and backward rotation, are a fair base for correction, and they 
have been chosen in the following practical examples. 

After these preliminary remarks we may take up the discus* 
sion of the way for finding the proper dimension of the sus- 
pension mechanism. 





Fig 48. Fig. 49. 

The complication and variety of the disturbing influences 
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Tender it almost impossible to biing tbem fully to accoant 
without the construction of au actual model, or an equivalent 
thereof. Such a model can be prepared of stiff drawing-paper 
or thin Wood, and attached, by thumb tacks, to the drawing- 
€heet on which the suspension lever is to be laid out. It should 
always be made to full size to insure sufficient precision. 

The principal dimensions of the hanger, the link, the eccen- 
tric rods, the eccentrics, etc , should be determined to suit the 
special case, and, as shown in the two problems, the first of 
which shall be used for rxempliflcation, supposing the connect- 
ing rod to be equal 5 cranks, and the hanger =ilC. 

The link may be made as shown in Fig. 48 or 49, and should 
he cut carefully along the cen: re-line of the slot. The eccen- 
tric rods may be made of two strips of paper and provided 
with two pin-holes at their ends, at the exact length of the ccn- 
templated eccentric rods, and they should be marked *'f iward" 
and "backward," or *'-|-'* and **— ", for contradistinction. 

We now draw the centre line of the link-motion (Fig. 50) and 
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Fig. no. 

Bweep from O the orbit Z of eccentrics. Then we constniot 
the crank-angles, at which the cutting-off of tie four grades 
that we selected for the base of correction (which aref and J 
of the stroke), takes place, by the proper circular projection. 
In Fig. 50 these crank-angles are marked 1, 2, 8, 4, and 1^ 2^» 
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S^ 4% the former btandiug for the fore-strokes and the latter 
for the retuni'Strokes. 

The link can now be attached to suit any crank-angle, by findings 
by means of the angles of advance, the corresponding positions 
of the two eccentrics, and pinning the eccentric rods to those 
points, care being taken not to pin the *' forward rod "to the 
"backward eccentric." The free ends of the rols may be= 
fastened to the link by thumb tacks, with their points up. 

The mode of procedure is now as follows : Attach the link 
to the first dead centre of the crank K^ as shown in Fig. 50 by 
dotted lines, pull slightly in the direction of the darts, to stretck 
the paper straight, set the link to mid-gear, and mark with a. 
sharply pointed pencil the point a. Repeat this operation for 
the second dead centre of the crank, K', and obtain the point a .. 
Bisect the distance aa'ine and regard this point the centre of 
movement of the link-block. In this way we secure an equal 
lead as regards fore and return btioke at the mid gear. If the 
link-block is attached to a rocker, let the arc of the movement 
of the block pass through the points a and a^. Then mark 
the positions of the block, b and b% at which the valve will just 
close the ports by making eb=ch' equal to the outside lap of 
the valve (duly rcdciced, of course, when a rocker of unequal 
leverage is interposed). 

Now, suppose the link was to be suspended at its lower end^ 
somewhere in the line n (Figs. 48 and 50). Attach the link suc-^ 
cessively to all the crank-angles marked before, adjust its curved 
edge to b or b% accordingly as the crank-angle pertains to the 
fore or the return stroke, and mark the position of the line not 
the link and its termination (or intersection with the link-curve) 
on the drawing. We thus obtain the eight lines shown in Fig. 
61, where they are marked by the same figures as the corres- 
ponding crank-angles. They represent, as it were, the positions, 
the link will occupy at the respective periods. 

We have now to find the lateral location of the suspension 
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pin on the line n of the link. To this end we first suppose it 
to be located in the centre-lfne 



of the slot, or, in other words, 
in the termination of the line n. 
We sweep accordingly from the 
end points of the lines 1 and V 
two arcs of a radius of W^ (the 
length of the hanger). Their 
intersection gives the point O^ 
from which the hanger should 
be suspended for the first grade 
The points of suspension, QQ^ 
for the three other grades can 
be found in the same manner, 
but it will be seen that no one 
circle can be drawn through 
these four points, hence they 
do not satisfy the required con- 
ditions. However, if we move 
the suspension pin of the link 
laterally, we can find, after a 
few attempts, a point, marked 
D on every one of the lines of 
Fig. 51 that f urniBhes points of 
suspension, ^, ^, which can be 
connected by a circular arc. 
The centre, F, of this arc deter- 
mines the location of the ful- 
crum, and its radius the length 
of the required suspension lever. 
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Fig. SI. 



The point D can now easily be transferred tothe link, and the 
designer ran accordingly finish the detul dra^r'ngs. 

The above course of procedure will have to suffer a slight 
modiflcation if the link is to be suspended in its centre-line m 
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j(Fig. 48). The eight different locations of the liuli must be 

^^ marked by the centre line m, 

**■ ; and will appear »s shown in Fig. 

\ 62. It will be ol;served that the 

lines 2 and 2^ as well as 3 aad 
3^, intersect in a p )int> from which 
the end points of these lines are 
nearly equidistant, simply because 
the grades 2 and 3 are in close 
proximity to the reciprocal grades. 
By rights we ought to have taken 
those latter grades iusiead of 2 
and 3, but we obtain practically 
the^same result by averaging the 
distances of the siid points of 
y*. **i^ -^^ intersection from the term. nation 

,,, - / D^ 7 ^^ *^® respective lin.s and take 

?*P f Xi. ^o.— ./—-—- this distance for the lateral posi_ 

/ J lion of the suspension pin 2> 

2 oL^ I which then caa be located on the 

'!-^^!^^ ' eight link-lines. Next we deter- 

• / mine the poin!s of suspension, C^' 

loS..^^^^ / and Q", for the grades 1 and 4, 

/ .^^n *"^^ mark through th.se points 

\ 1 ^^ I the ' arc of the suspension lever. 

I I The latter should \)e made as 

I / long as convenient, in order to 

■ p9f I have the intermediate grades more 

I © / nearly corrected. 

I When a link-motion is rectified 

I i in this mannir as regards the cut- 

^— — — % ting-off, it will be found to be 

•— "•'"■'^ nearly so for the cushioning and 

27i|^ ^2» t^® release. One of the agencies 




gnplbyed for the rectiflcatioH, namely, the inclination of the 
Banger, will slightly affect the lead, especially at the f idl-stroke 
grades, but the difference is sosmalltbat it canhardly be noticed. 
The port-opening, indicated for any crank-angle by the diagram, 
wiH also slightly deviate from the actual port-opening of the link" 
motion, and will generally differ at the corresponding periods- 
of both strokes. The greatest port-opening may thus become- 
smaller than premised. 

It must not be overlooked that the rectification is accom- 
plished at the expense of the slip, and it is therefore necessary 
to sufficiently lengthen the slot of the link for this purpose.' 
The paper model affords the means for finding the extent of 
this lengthening. 

The slip may sometimes become excessive, and it may then 
be expedient to abandon the perfect correction and compromise 
between this Correction and the slip, by suspending the hanger 
more nearly in a vertical line than demanded by the above rule. 
Or the valve can be made with unequal lap for both ports, cor- 
recting the cut-off at the expense of an equal lead. 

The described manner of attaching the eccentric rods and 
the link by thumb tacks may involve some inaccuracy. Greater 
precision may be attained by drawing the link on tracing-paper, 
and instead of using the paper eccentric rods, sweeping arcs- 
from the respective positions of the eccentrics, and by adjust- 
ing the pin-centres of the link to (hose arcs, the position of the 
link can be obtained as before.* 

* This latter method for find in? the position of the link for any giyen 
crank-angle has been used in England. Auchincloss, in his treatise on 
. Jilnk-motion," recommends the use of a template cut of thin wood, to b» 
a^asted to those arcs. 
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ThB GOOCH LlNK-MoTION. 

. link-motioD was lavcnted IndepeadeDtly of and almoBt 



rimultaneoL'sly with tlie Steplienson liuk-motion, and ii 
tiD^isbed from tbe latter pnucipally in tliat the link la sug- 
peudedat a staiionarj higbt, the link-block beiD>r moved in- 
stead, b; the rerereiug lever, as illustrated in Fig. 5S. The 




Fig. S3. 

iwnnectionbetvreeD tbe link-block aod the ralvestem ia effected 
by Ihe radius rod BP. 

ToiDvesHgale Ibe theory of tbis link-motloo. let us again 
neglect the iLflueDces of tbe oscilluti'iu of the Beveral memberf, 
anil cnnsider tbe movement of the pins P' and P" to be strictly 
borizoutal. The centre line of this link-motion is the line 
passing Ihrouyh Ibe crank-abaft O and the pin P of the valvo 
stem. Tbe movenaeat of the chord P'P" nf the link is now 
preciaely the same ea that of the shifting link when in tnid-gear. 
SuppoBJng that I' and 1" (Fig. 64) vrere tbe eccentrics, and 
P'P" tlie link in its aeutral position, we can And the Ideal ec- 
cenliirSiT' and J" of the movements of the pins P'and P", by 
muviug tbe real eccenlrirs 1' and i" through tbe same angle (/I) 
nnct in Ihe same direciiou aa tbe corresponding eccentric rods 
woulil I'ave to be moved to make them horizontal, and theB 
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Tdrawing the hues W acd i'V at rigbt angles to OF and Or\ 
The horizontal movement of any intermediate point, h, of the 
chord of the link can again be shown to be equal to the hori- 
zontal movement of a corresponcliog pointy' of the line JV, 
in the same way as before (see Fig. 31); and since in this link- 
motion the movement of this point is directly transmitted to 
the valv« when the linfc block is raised to the point B (the move- 
ment of the points B and b being practically equivalent,) the 
point j is the ideal eccentric of the movement of the valve, 
and the ideal eccentric for any other grade is situated in the 
straight line J'J^'y dividing it in the same proportion as the 
position of the link-block divides the chord of the link. The 
relation existing between the points b and^' can again be estab- 
lished by {parallel lines. Draw a line through J' parallel to 
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O P* and extend it to its junction, at », with the horizontal 
centi-e line. The line joinings* and n will then be parallel to 
that joining O and b. The valve diagram. Fig. 55, can now 
readily be drawn, showing the lead of this link-motion to be 
equal throughout all grades. In other respects, the feature of 
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the TariabknesB of the expansioa and the exhaust is yery^ 
much like that of the Stephenson Imk-motioc. 

The curvature of the link, having its convex side turned 
towards the crank-shaft O, should have a radius equal to the^ 
length of the rod BP (Fig. 63) as will be seen by settmg the- 
link in its neutral position, where a lowering or raising of the 
link-block must not produce a movement of the valve. The^ 
link is mostly suspended, having its centre in the centre Ihie. 

I£ crossed eccentric rods are employed, the eccentrics should 
have the positions »' and»^ (Pig. 64), when the correspondmg^ 
eccentrics will again be lepresented by J' and J", and the dia- 
gram of the ideal eccentrics will be identical with the one for 
open rods. 
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Fig. 55. 

To reduce the slip to a minimum both suspension rods QI> 
and G'ly (Fig. 53) should be vertical when in their neutra 
position. To this end the point G should be guided in an arc 
equivalent to the arc made by the point D when the link is in 
its neutral position. The fulcrum F should, therefore, be ver- 
tically above the neutral position of the pin P, at a height 
equal to tlie leogth of the hanger, GD ; and the length of the 
lever FQ should be equal to the length PD. In practice, how- 
ever, this lever is usually made shorter, and is located to effect 
a rectification of the cutting off at fore and return strokes. 

The advantage of this link-motion over the one treated before 
consists in the permanency of the lead throughout all grades^ 
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while the increased number of parts, the less length that can be 
given to the eccentric rods at a given distance of the cranli-^hift 
from the valve-chest, and the greater side pressure that the 
yalve-stem receives from the inclined rod, involving the necea- 
aity of a guide for the valve-stem, are doubtless disadvantages. 

Problem X. — A Qooch lini^-motiqn sliall be designed to cut 
off, when in full gear, at three quarter stroke, and to cushion 
for one-twelfth of the stroke. Tiie greatest port-opening is 
required to be 1 J" with a lead of ^'\ The link is 12'^ long and 
the eccentric rods are 2' 1 J" from centre to centre. It is re- 
quired to draw the valve diagram and to find the throw and 
position of the eccentrics for both open and crossed rods. 

The centres Q^ and Q" (Fig. 55,) for the full gears can again 
be found as usual, the construction yielding an outside lap =V\. 
an inside lap =^^' and the travel of the valve ==4^'*. * To And 
the required throw and position of the eccentrics we draw the 
link in its neutral position (see Fig. 54), to find the angle /3, 
carry the same to 'loth sides of the lines 0«/' and OJ'^ (J' and J' 
to correspond with the points Q' and Q^ of the valve diagram. 
Fig. 55), and draw the lines J' I', J'i\ J''P' and J''i'^ at right 
angles to OP Oi\OP^ Oi'\ respectively. The points P and P^ 
represent the required eccentrics if open eccentric rods are 
used, and i' and i^^ those for crossed rods. The throw of the 
eccentrics can be measured by the lines O/', etc., and is found 
=2yV '• The angular positions of the eccentrics are given either 
by the angles 6^ov 6^', Both eccentric will then have an angle of 
advance =(J in relation to their eccentric rods. 

The proper points of the link producing certain grades of 
cut-off can easi'y be found by the use of the valve diagram. 

A rectification of tlie cut-off of four grades can be accom- 
plished, as in the Stephenson link-motion,through the oscillation 
of the link and the movement of the hanger QD. The vX\ 
tionary hanger Q'jy cannot be made available for this purpose, 
an 1 should, as a rule, be suspended vertically, in its neutral 
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position, except if the foward grades are to be favored at the 
expense of ihe backward graces ; for the rectiflctttioo of the 
backward giadea will call for exactly tbe oppoute iocl'mattoa 
as the rectlflcatioa of the foward gndea. A paper model (see 
Fig. 06,) can agiua be used to And the suitable position of tlie 




stud D and the anapeDBion lever FQ. After drawing the orbit 
of the eceentricB, and tbe crank-angles for the cuttiug-ofC of tbe 
four grades, we desire lo equalize (compare Fig. 60), we attach 
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the link to coiTespoDcl with the dead centres of the crank, 
mark the points a and a^ (Fig. 56), bisect their distance in 
« and mark the points b and 1/ representing the position of 
the link-block (ii mid-gear) when the cutting-off takes place. 
Then we sweep the paths, through b and b\ of the link-block 
when raised or lowered for the said positions of the Talve. 
l^ext we assume, at pleasure, a point of the link, say jy (Fig. 
56) for the suspension pin, and make bd=b^d^=miy^ in order 
to locate the suspension fulcrum G' by sweeping two arcs from 
d and d\ of a radius equal to the length of the hanger G^iy* 
Tbis being done we set the link for the crank-angle 1, adjusting 
the point jy of the link to the proper distance from G' and 
mark the intersection 1 of the link-curve with the arc b. We 
repeat this for the crank-angle 1^, marking the point l^onthe line 
l\ and continue with the othei crank-angles to obtain the points 
2, 2\ etc. Diaw the correspondiog positions of the valve-rod 
Ip, Vj/, etc. ( the points p and^^, towards which the two sets 
of lines converge, are not shown on the drawing), and mark 
the points 2>,2>, of the suspension pin of that rod. Two arcs 
swept from the points D,i>, of the lines Ip, and Vj/ locate by 
intersection the point G^ from which the hanger of the valve- 
rod should be suspended for having the first grade rectified. 
The points of suspension GyG,G, for the other grades will be 
iound by the same method. 

But, whereas, these four points are not located so that one 
circular arc can pass through them, they do not suit our pur- 
pose. We have, therefore, to change the assumed position of 
the suspension pin D' of the link laterally, and to repeat the 
above operation until the suspension points can be connected by 
ti circular arc, which then determines the length and position 
of the suspension lever. 

In the case shown in Fig. 56 the suspension pin Z> would 
have to be on the other side of the centre line of the link to 
obtain this result and the location of the suspension lever would 
1)6 very awkward. The stud D may, therefore,be located in tha 
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centre line of the link, when the points gg will be found atct 
the suspension lever may be made to pass in their close prox- 
imity, as indicated by a dotted arc. It will now be noticed that 
this arc passes exactly through the points of suspension for the^ 
backward grades, but is less favorable for the forward grades. 
Since the reverse would be the more desirable, we m:iy reverse 
the whole arrangement, i.e.y locate the suspension lever below 
the centre line of the link-molion. Or, if a reduction of the 
slip is more desirable, the valve may be made with unequal lap 
when the correction of the cuttiug-off can be convenicnily ac- 
complished with a minimum amount of slip, at the expense of 
the equality of the lead. Unequal lead is of very little conse- 
quence,because the position of the piston for the moment of the 
opening of the port will be scarcely affected hy a slight change 
of the lead. 

Another expedient, sometimes adopted to better equalize the 
distribution of steam for the forward grades, at the expense of 
the backward grades, consists in suspending the link so that 
its centre is below (or above, as the case may require) the cen- 
tre line of the link-motion. 



PART III. 

' INDEPENDENT. CUT-OFF GEARS. 
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Ikdependent Cdt-Off Gears. 

As perfect as the link-motioBS may appear as regards the- 
variableness of the cutting off, ttiey notwithstanding possess 
one nndesirable feature. They admit of a regulation of the 
admissi&n of steam, but the exhatuft is dependant on this regu- 
lation, and the objection existing against the use of an early 
cut-off by the common slide vi^ye, holds good for linls-motions* 
For this reason the 'independent cut-off valves*' have been 
devised, which are combinations of two or more valves that 
admit a variation of the cut-off independently of the exhaust. 
They are very exteubively in use on larger stationary and marine 
engines, but their applications to locomotives did not meet with, 
much favor on account of their complication. 

The functions of admission and of exhaust may be entirely 
separated, i. e., distinct valves may be used for each of those 
functions ; or a main-valve similar to that of the common slide 
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Fig. 57. 

can be made to control both admission and exhaust, leavmg to 
the second or cut-off valve the sole duty of closing the admis- 
Bion of the steam at an earlier period than the main-valve does. 
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The first class includes the disengagement valve gears, which 
are generally of a more complicated construction, although 
their theory is very simple. Gears of the second class are less 
complicated, but their study offers more difficulty, and this 
clas3 will be considered in the following : 

Such valves may be arranged in two different ways. In 
Fig. 57 a partition divides the interior of the valve-chest in two 
chambers, in each of which one of the valves are placed, 
which are moved independently of each other. Both valves 
are shown in their neutral position. The cut-off valve F®, is a 
plate with rectangular perforations or ports coinciding with 
equal perforations of the partition. A movement of this valve 
exceeding the width of these ports will interrupt the admission 
of steam. One single opening in both the vatve and the parti- 
tition valve would answer, but it is preferred to make a number 
of smaller ports, in order to reduce the travel without reducing 
the total port opening, for the sake c f reducing the loss of 
power from friction. Such valves are inown by the name of 
"Gridiron valves." 

The main valve Fis of the same construction as the common 
slide valve. 

The second way is stown in Fig. 58. The cut-off valve V^ 
is placed directly over the main- valve F, and to make it ef- 
fective, the main valve is extended on both sides to form two 
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ateam passages, v and v\ These valves are again sliown in 
their neutral position, to show their relative proportion and 
their laps ; they will, however, rarely attain this position sim- 
ultaneously when in action. ' 

These valves are usually operated by two separate eccentrics. 
The action of the main valve V is identical with that of the 
common slide valve ; the cut-off valve F°, in closing the 
passages of the main valve, will intirrrupt the admission of 
steam earlier than the main valve will. The operation of this 
cut off valve requires a special study; for the present case 
differs from our former investigations in that this valve is not 
sliding over a fixed seat, the seat being formed by the main 
valve, which has a movement of itself. What we have to 
consider is not the actual movement of .the cut-off valve, but 
Us movement in relation to that of the main valve. 

Turning our attention to the position of the eccentrics / and 
Jo (the latter being the cut-off eccentric) in relation to the 
crank O K (Fig. 59), we note the movement of the main valve 
to be represented by the distance ty where t is the horizontal 
projection of the eccentric /. The (absolute movement of the 
cut-off valve is the distance of the projection t^ of the cutoff 
eccentric i® from the centre O, but this distance is of little 
value for our investigation. The relative movement of the 
cutoff valve, i. «., the distance of the centi e-line of the cut- 
off valve from the centre-line of its seat, the main valve, is the 
distance 1 1^^ and this distance is the horizontal projection of 
the line J i°. 

If we now draw the line J° parallel to 1 1®, or in other 
words, if we shift the line / P parallel with itself along the* 
centre line I of the main eccentric to O J®, it is evident that 
the projection t* of the line O J^ must be equal to the pro- 
jcclion tt^ of the liiie 1 i°, which is equal to the relative 
movement of the cut-off valve ; and if we can prove this rela- 
tion of the line O J^ to remain unimpaired by a rotation of the 
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•crank, then the point J^ must be regarded as the ideal eccentric 
-of thU moveTnent. 
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Fig. 60. 

To prove this relation, let us view the case after the crank is 
rotated through the angle a (^ig. 60). The relative movement of 
the cut-off valve (which, by the way, is negative in Fig. 60), is 
again represented by the distance t (°, which is likewise equal to 
the projection V of tlie line J°. 

The relative movement of the cut-off valve is therefore equiva- 
lent to the movement of the same valve over a fixed seat when 
operated by the eccentric J°. This conclusion renders possible the 
application of the valve diagram, as will be shown hereafter. 
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Thb Go^zsnbaoh Gttt-Off Geab. 

The valves of this gear are like those repreBented ia Fig. 57, 
€acb ot tbetn being moved by a separate eccentric. 

To investigate the action of the cut-off valve, we must con- 
sider that the ports are fully opei^ed when the valve is in its 
neutral position, and that the port opening is reduced by a 
movement of the cut-off valve, no matter to which side the 
movement takes place. For the latter reason it is indifferent 
whether the cut-off eccentric /© is secured to the shafft in the 
position shown in the diagram, Fig. 61, or diametrically oppo- 




Fig.ei. 

fiite. The four ported valve (Fig. 57),having the same effect as 
a valve with only one port of four times the width of the ports 
shown, and four times its travel, we should consider the ideal 
eccentric of the movement of the cut-off valve to be in J®, the 
distance O J^ being equal to four times the throw, O /<>, of the ec- 
centric i®. The lap-centres, Q and Q®, of the valve diagram, Fig. 
63, can be constructed in the usual manner by rotating the dia- 
gram Fig. 61, through 90® and inverting it, i. 6 , by carryirg Ibe 
angles of advance, 6 and 6^ from the horizontal centre line ia 
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m dLrection (>ppoi"ni the rotation of tbe crank-ahafl. The cut. 
off ytilvB is iu fact a double valve (closing the ports whea 
moTiog either way), with a negatlfe lap, on hoth sidi'S, equal 
to tbe collective width of Ihf^pfittB, aod the lap circles £" can 
accordingly be drawn. Tlie opening of the poria for thecrank 
«ngle o A . for which the collective moTement »if tbe valve, i. «. 




Fig. 63. 

tbe letU movement of tbe valve multiplied bj the number 
of porle, is reprcseoted by the Hoe Q" k, is found by deductiug 
thfs m'lvemeDt from the collective width of the ports (collect- 
ive negaiive lap) Q°'a, hence the distance, lea, shuws the 
sought total opening of the ports. We can therefore conclude 
that tiae cut-off valve will admit Bleatn as long as the crank- 
line paaaea through the Inside of the lap circle L". 

Tbe diagram (F g. 63) can now be completed by adding that 
«f the main valve, whrn the operation of tbe double valve wIlF 
be seen very plainly. Tbe adml!«1im of steam bigins at OA, 
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when the main valve opens th^ poit of the cylinder, the cut- ^ff 
valve having been opened before, at OA^. At OE^ ihe cut-off 
valve closes its ports very sharply, as attested by the compa- 
rative length of the line 0A;*=* exceeding even the length OQcr 
the maximum speed of the main valve, and expansion com- 
mences. The exhaust, indicated by the diagram of the main 
valve, is, of course, not affected by the cut-off valve. 

The most effective way of varying the rate of cut-off is a 
•change of the angular advance of the cut-off eccentric, but 
the diagram will show that thin change is limited. 

A reduction of the angle i^ (Fig. 62) will delay the cutting, 
•off, the point Q^ being shifted towards Q'. This change will, 
ho v\ ever, also involve a delay of the opening of the cut-off 
valve at OA^^ which should never be carried beyond the line 
'OA where the main valve opens the port. 

A hastening of the cut-off can be accomplished by increasing 
ihe angular advance S^ (advancing the cut-off e<*cen'ric on the 
-crank -shaft) when the point Q^ of the valve diaj;ram will be 
43hifted towards Q^^, and the cutting-off will take place earlier 
than before. This measure must, however, not be carried too far, 
48 the opening of the cut-off valv«^at O^o, might be hastened 
■8o much as to take place before the main valve has closed, at 
-OE\ the admission at the preceding stroke, and steam would be 
ac'mitted to the cylinder twice at every stroke. This would 
evkiently be very wasteful, as the steam admitted after the 
rtBecond opening would not return an adequate amount of work. 

The range of variation, admissable without trespaipsing these 
limits will depend on the outside lap of the main valve; for 
the lap circle 1* defines these limits, and hence, by giving the 
main valve ample lap, the admissable range of cut-off can be 
made to cover nearly all grades desirable in practice. 

The advantages of this valve gear conftist in the sharpness of 

the cutting-off and in the simplicity of its construction; but 

4he inconvenience of having to stop the engine for changing 
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tbe cul-off impedes its general ftdoption. Tbe utillzatioa of 
the Bteam ia somewtiBt lajji^ed bj tbe circuma'ance that Ibfr 
lower chamber of the Talveclicst retnaini la commuoicMi iD: 
frith tbe cylinder after the cutting off, tbus iocreaung, aa it 
were, the apace ol the clearance. 

ProHem XI.— Const met a valve gear at the above descrip- 
tion, baviDg a maximum follow of eteam of tno-ttainls of t >e 
atrobe and a greatest port opeuingof li",when adjusted to ^"' 
of lead. The number of tbe cut-ofF porta shall be three, aod 
each is to be 1^" nide. Draw the diagram, determine llie 
highest attainable degree of expansioa, and flod the amount of 
eiuhloDing if the inside lap is equal to zero. 

We give the main valve as much lap as poaeible b; makiug 
It to cut off as eartf as the required coeditions permit, nbich 
iBstf of the stroke. The dtugiam(Pig. 63) of the main valvft 
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Mn thus be drawn, aod will furnish the fallowing dimensions i 
Lap=lS", and travel=5J'^ The compression is found to last 
for^ of the stioke. The cut-off valv^e should no\v admit 
Bteam between the cranl^-Iines OA and OB ; and since w& 
know the radius of the lap circle L^ of the cut-off valve to l)e 
=8}^^, we can find its centre by two lines drawn parallel to 
OA and OB at a distance each of 3f ^^, and can draw the same 
tangential to ^ and B. One third of the distance o Q^ ia 
the required throw of the cut-off eccentric, which is found to 
be==lf'^ An advance of the cut-off eccentric for the purpose 
of hastening the cut-off, can only be carried so far that the lap 
circle X^ l)ecomes tangential to the cutoff line Oi^ofthe 
main valve, as indicated. O B^ will accordingly be the crank 
angle for the earliest cut-off, and is found to correspond with 
^ of the stroke. The angularities of the eccentric rods might,, 
however, admit a slight opening of the cut-off valve before the 
main valve closes, at B\ and therefore should the eccentric 
never be advanced quite as far. 

This cut-off gear is frequently used on marine engines in 
connection with link motions operating the main valve. The 
change of expansion is, however, accomplished by a change of 
the travel of the cut-off valve by means of a separate link 
worked by the cut off eccentric, on a fixed fulcrum. An in-, 
vestigation will show that by this plan the range of expaneioa 
is very limined indeed, the centre Q^ of the valve diagram 
<Fig. 62) moving in or out on the line OQ^ or on a curve* not 
much deviating from this line. By combining this cut-off 
valve diagram with the diagram of the main valve for backward 
rotation, it will appear that this cut-off valve is unserviceable 
altogether, admitting steam twice at each stroke and withhold- 
ing it at the intervening period. The cut-off valve must 



*The character of this cnrre will be more closely investigated in a sabse- 
^uent chapter, where its form is of more consequence. 



tberefore be thrown nut of gear when the engine la boi^king, 
by shifting tfae cul-ofl link-block clone ur> to the fulcrum of the 
Cul-nC link, to keep the valve open entirely. 

The unequality of the cut off, owing to the OBclllailou of Ibe 
connecting rod, can be rectified by giving the cut-off valve 
unequal tap, i. «., by lengtbing or Bborteuing the valve stem, 
according as the cut-off eccentric la located at i" (Pig. 61) or 
diametrically oppoaile. This correction can however be made 
to Buit only one angle of t be connect ing rod, and it is well to 
choose the angle coiregponcliDg to ^ of the stroke of the piston, 
when tbe same correction will also cover (he cutting ofl at J of 
tbe stroke, the angle of the connecting rod being tbe same. 

Id practice, the cutoff valve can easily be adjusted on the 
work. But if it is defiired to know tbe nnrnuot of adjustment 
before hand, it can be found by tbe diagram as indicated to 
Fig. 61 
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The Mbyeb Cut-Off Gear. 
The valves of this gear are substantially of the type repre- 
sented in Fig. 58 and are moved by two separate eccentrics^ 
located on the shaft as indicated in Fig. 59. The cat-off yalve^ 
however, differs somewhat, in being made of two parts (see 
Fig. 65) that are attached to the valve-stem by means of a right 
and a left-handed thread. The valve-stem is joined to the 
eccentric rod by a swivel, and can be rotated by a hand wheel 
or other suitable mechanism, -whereby the distance of both, 
cut-off plates can be adjusted, even while the engine is run- 
Bing. The lap of this valve can thus be changed at will. 
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Fig. 65. 

For converting the diagram of eccentrics (Fig. 59) into the 
valve diagram (Fig. 66) beginners are advised to make use of 
tracing paper to locate the points Q and Q^ relating to 
the main eccentric I, and Qo and ^^ relating to ideal eccentric 
J^. The relation existing between the diagrams^ Fig. 66 and 
Fig. 59 involves the following inferences. The distance OQ^ 
is equal to one-half the retaUoe travel, and the distance (yQo 
equals one-half the abwluU travel of the cut-off valve; and, if 
we draw the horizontal line A through the point Q^, the angle 



hQ'Q" and OQ'Q° will equal tbe angleB £=■ and -fof Fig. 
leepcciiTety, tbese aogles appeatin);, in the valve (llagrain, i 
direclinn opposite lo Ibat Id tbe diBKram of cccenliir^. 
Une Q'Q° represents VMnifesay the cat~of ecaatria in t'.e s 
tmte a* the line OQ n^ttaitt tfie main eeeentrie. 




Fig. 66. 

By Bweeping tbe proper lap circles from Ihe points Q and Q', 
Ibe (Ikgram for Ibe main valve caa be completed, and tbat of 
the cul-ofE valve cin be drawa to suit tbe lap of tbe cut-off 
valve for the time being. Assuming, at first, a ptrinanent 
oegalive lap, wc draw t:ie lap circ'es 1.°, as sh-nvn, aiid find 
the passage o (Fig. 65) to be opened while Ihe crank moves 
from A° to E°, but as the main valve opcas tbo port of the 
cylinder only art!->r the crantc paf aea Ihe line A, tbe admispiim 
of Bteam will take plice between A auJ B°. Tbe pa<:an;;c e' 
of tbe main valve nill remain open betwpen A" anil E'', and 
hence tbe steam will be admiited, at tbe return stroke from A' 



A change oC ths lap of ths cut-off tsItb reqnirei the draw- 
ing of other lap circles from ihe point Q°, and die di^rr a will 
Appear ta shown in Fig. 67, where four grades of eipanaioD aia 
representod, two with positiva and two with negative lap. The 
lower mats of Q° ia omitted, being of little interest Bino« Uu* 
diagram shows the action on bnt one tide of tha piston. 




A gUnce at this figure now shows that the range of expansion ^ 
includes all desiiabla grades, provided the cut'ofT yalve admitH ( ~ 
■nfficient adjustment; and also the sharpnesa of the cutting o 
•hows a fair figore. The latter is greatest when the lap eqnsld 
MTO, and becomes less as the lap is either increasad oi 
{torn this poin 

Ilowever, the margin of adjustment of the cot-off valve ii 
pTacticallf limited, as will be shown in tha following problem, I 
»nd this fact pule a limit either to the range of expanuin oi 
tha rapidity of die cutting off; the latter case involves a \ 
redsction of the lelativa travel of the oat-oS valve, at, 
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other words, a reduction of I be distance of the cut-off eccentric 
/° (F.^. 59) from tlie main ecoentiic /, 

In order that the rapidity of tJUe catting (»ff should suffer the 
least reduction at the change of grades, it. is bet to so locate 
the cut-off eccentric that this rapidity is equal at the two 
extremcst g ades, and this is accomplished if the positive lap of 
the earliest cat-off equals the negative lap of the latest cut off 
desire d. Therefore, if it should be required to make the cut-off 
adjustable between the crank-an^;les A and ^,(Fig. 67) the lap. 
circle P would stand for both extreme grades, and this circle can 
b • tangential to both the lines OA and OE only, if the line OQO 
is it right angles with OQ^ and this condition requires the line 
J/° (Fig. 59) to form right angles with the line 01. Such a 
full rapge of expansion is, however, not always required, and 
hence this rule is not a general one. 

The qu s ion may be raised if this gear will ever admit the 
steam twic 3 during one stroke, i.e , if the cut off valve will ever 
re-open before the main valve closes the steam port. 8uch an 
event would be indicated by the diagram if the rotating crank 
line would meet the line OA^ (Fig. 66) t jfore passing the line 
OE^ and this state can only exist if both the negative lap of the 
cut-off valve and the angle of advance of the cut-off eccentric 
are excessive, and can, therefore, be avoided. 

Thisvalvegear is susceptible of quite a number of modifi- 
cations. The duty of cutting off may be imposed upoa the 
inside edges of the cut-off plates, by their being farther apart 
V hile ths upper terminals of the stc^m passages of the main 
Tilve are cl03' r tog then The difference bet ween th's arrange- 
ment and the one considered before consists in that the relative 
movement should be exactly the opposite to produce the same 
result. We should here remember that the diagram furnishes 
only the angular position of the eccentric, leaving a choice 
between two diametrically opposite points, between which the 
decision is to be mida, as explained in a preceding chapter. 
The same question is now at isMie in relat'on to the ideal 
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tccenuic of the relative movement of the cut-< ff val^^ repie- 
in this instance, is found to require a position- diameUad in 
opposite to the point e7°, Fig. 59, and the real eccentric sH 
consequently be at i°. 

The same conclusion may be reached in a somewhat dif> 
fcrent way. If we consider that the points Q and Q^, that 
were obtained directly from the inverted tracing, always mark 
the passage of the valve from podtive to negatke movement, it 
will be understood why the lap circles drawn from those pointa 
as centres always marked the closure of the admission at the fore- 
stroke. Butinthelastcasetbecut-off is effected by a j?o«JiMJ« move- 
ment, an 1 if a result identical to that represented by Fig. 66 is 
dc'siretl, the point Q° should represent the passage from nega- 
tive topodtwe movemerit, an 1 hence its mate, Q'', is the point 
that sliould be obtained from the tracing, and it is tbe line 
Q'Q'^, instead of Q'Q°, that now represents tbe real cut-off 
eccentric. Of course, the line QQ° can be substituted for 
Q*Q'\ both lines being equal and paiallel. 

The described mechanism for cbangieg the lap of the cut-off 
valve is not readily accessible for inspection, and being exposed 
to a high temperature is apt to wear out in a short time. This 
gave rise to the invention of other modes of changiDg this lap. 
One of these is shown in Fig. 68. The eccentric rod /Pis joined^ 
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other wp^ , ; ^^2 

/o (j^/^ \ yoke, from the ends of which Aie twa 

y&. < jare operated. A raisiDg or lowering of 

>e g A* le will change the relative position of the 

'^ ^ pjectioDiible feature of this arrangement 
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/ of forces, the valve stems being out of 

\ places. 

^ is known as the **Rider Cut-off.''* The 
passages of the main Valve have an inclined pobitiou, converg- 
ing towards one side. The «?nds of the cut-off valve, whose 
seat on the main valve is cylindrical, are also inclined to con- 
form with the passages of the main valve. A partial rotation 
of the cut-off valve, by its stem, will bring its wider or nar* 
rower side over the passages, and thus change the lap. 

There are quite a number of other devices for the same 
purpose, but their descriptions would occupy too much space. 

Problem XIL — ^It is required to construct a Meyer valve 
gear for an engine of 20^' stroke, the admieslon of steam to 
range between 1" and W\ follow. The rapidity of the cutting 
off at both extreme grades is to be equal to one-half of that of 
the main valve at the moment it closes the steam-port. The 
width of the steam-port is }'', and the greatest port-opening is 
to be equal to this width. The lead is to be ^^', the release is 
to take place V before the end of the stroke, and the cushion- 
ing is to begin as early as the case will admit. 

To solve this problem we first draw the diagram for the 
main valve with a greatest port openings=|^', lead=^^, and 
release>-=l^^ (see Fig. 69). In order to comply with the con. 
dition mentioned last, the main eccentric should have as much 
angular advance as possible, hence we make it to cut off at W, 
Kext we draw the crank angle OIP for V of the stroke, which 
is the earliest point of cut-off required. The centre Q^ should 
be located in a line bisecting the angle IPOEy and to get its 
exact location we must consider that the line Ok (k being the 

•Fatentedl 
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point iif cLniavtuf tbelioe OE with tlie iHp circle Zi) te|»Q- 
-MUU the Tspldilf of the cutting off by the niaio TsWe, and In 
order to comply wilh the required ccmdllioD, the point A", 
blsMtI;ig the distance Ok. s'jouid be Ibepointof coniactof 
'ibe liua OE, nod the greatest lap-circle of [he cut>off diagram. 
We find accordingly the point Q° by drawing a lioe from k" at 
Tight angles to OE. The HoDght throw of the cut-off eccentric 
is equal 10 the distance Q'Q", and the angle formed by both 
eccentrics is f qual lo the angle Q°^0 of Ibe diagram ; (or if 
«« choose lo cut ofl with llie ineide edges of the cutoff plates, 
the line QQ° and Ibe angle (i°QO are lo be taken instead, and 
tho eccentric located like the point t> of Tig. 69J. 




Fig. 69. 

By Ihe di ijram we find, for the main Talre, a travel of B" 
fnlt, a lap i" full, the Inside lap is fquid.^'u", and fi.r the cut- 
off eccentric we obtain a throw, Q'Q°^2" foil. The greatest 
laps, both positive and negative, of the cut-off valve are y 
full, and the rclalive travel of the cut-off valve over the mtda 
V8lve^2 OQo^Zi" full.. 

Since the change of la*p must be accomidlBhed on both cut-olE 
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plates, their total adjustmeDt must amount to four times th& 
greatest lap, which is more than 3J''. Attention must also be 
paid to prevent the inner edge$ of the cut-off plates from 
opening the passages of the main valve before the latter closea 
the steam ports of the cylinder. The danger for this occur- 
rence is greatest when the cut-off plates are farthest apart, 
having a )ap=^^', and since the main valve closes the port at 
E when the relative movement of the cut-off valve is equal to- 
Qo^o_^// f^^^ ^jjg apprehended opening can be prevented I y 
an overlapping of ^'' plus :J'' for seal. Hence the width of 
each cut-off plate must be made equal to this figure {\^"\ 

m 

plus the width of the passage of the main valve, )^' plus the: 
lap, J}'^ full=3f full, and their dimension, out to out, when 
spread apart, will be about 8|^' ; and since farther the absolute 
travel of this valve is 4'' full, the valve chest is required to 
have a length, inside clear, of about 13^", silo wing about J'^ 
clearance on each side. 

By altering the diagram, with a view of doubling the rapidity 
of the cutting off, the valve chest will be found to require a 
clear inside length of about 21^'^ and the valve and the cut- 
off plates would assume rather impracticable dimensions. 

If it is desired to know the relative position of the cut-off" 
plates, i.e.y their laps, for any grade, say when cutting off at 
quarter stroke, we simply draw the corresponding crank angle,. 
OE', and from Q^, tangential to this line, the lap circle, the 
radius of which is the sought lap which in this instance is |)os. 
itive. If the crank angle of the given grade were beyond OQ^ 
the indicated lap would, of course, be negative. , 

When used in connection with a link-motion, the relative 
movement of the cutc.ff valve changes with the grade of the 
link. WLile the gttdid of the link is changed, the point Q°^ 
Fig. 70 (cc mpare with Fig. 67) will move exictly as the point 
C does, becaijuw the line Q^Q^ represents the cut-off eccentric,. 



i 
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*which remains undisturbed as tbe link i^ reversed.^ Tbe link 
IS, however; generally used at the full stroke grades only, and 
tbe diagraoiy Fig. 70, shows these two grades, capital letters 
«tanding for the forward and small letters for the backward 
rotation. We might have considered tbe diagram of eccentrics 
for both grades separately, when we would have obtained the 
«ame diagram. Now we see that the range of the cut-off for 
the backward rotation is limited, tbe latest cut-off being at 
OE^. This condition can be improved by advancing the cut- 
off eccentric more or les3; and the relation between the for- 
ward and backward grades will be entirely equalized if the 
angle of advance of the cut-off eccentric is made=90o when 
the points Q® and g° will be removed to Q^' and ^'^ vertically 
:above Q' and q^ .it a distance equal to the throw of the cutoff 
eccentric. It will then be necessary that the greatest negative 
lap, for the latest cut-off, should exceed tbe positive lap for 
the earliest cut-off, as will be seen by drawing tbe respective 
lap circles. , 
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A rectiftofttiun of the cat off can be accomplished in a simi- 
lar way as with the Goozcnbacli valve, and this discussion need 
not >1E>e. repeated again. However, with the mdchanism shown 
in Fig. 68, the ratification can be made to cover more than two 
grades by majiifig.the yoke oat of straight, as shown in the cut. 
The effect of thiSfezpedient is equivalent to a lengthening of tfa» 
valve stem 9B the point of cut-off approaches lutlf-stroke, and 



Tbi Lhtk ExPAiraioii Gb&b. 

A change of the " lap " of the cut-off valve is not the only 
meanB for varying the expan^on, the present valve-gear ao 
complisbing the object hj a variation of both the travel uid 
the angular adv&nce. 

The main eccentric I (Fig. 71) is connected with the mEin- 
valvo in tlie u^ual na;. Ihe cut-off eccentric impsrta to th* 
link f "F a rocking motion on its fulcrum F. The link block 
B is directly attached to the stem of the cut-off valve, the 
latter being as shown in fig. G8. A change of the cut-off is 
effected by a raising or lowering of the fulcrum F, by means 
of a scr«w or any other- suitable mechanism. 

When the link is raised so much that the pin 1° is in lin* 
vitb the valve-fitem, the cut-off valvo will bo moved directlj 




Fig. 71. 

by the eccentric 1° (see Fig. 7-'). A lowering of the link 
implies a double change ; first : the angular advance is vari' 
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T^y reason of the angular change of the eccentric rod /°P^ 
(Fig. 71.) and second: the travel is altered, the link-block 
being nearer to the fulcrum of the link. The angular advance 
is increased by the angle BOF^=p^^ and the travel is reduced 
in the ratio of BF to P^F, We can accordingly find the ideal 
-eccentric i' (Fig. 72) of the corresponding movement of the 
valve. A raising of the link will bring the ideal eccentric 

to 4". 

Tor different elevations of the link the ideal eccentrics will 
again form a curve resembling the one found for the shifting- 
link, and by starting with similar assumptions this curve will 
again be a circular arc. In one point, however, there exists a 
marked difference. The curve of Tig. 72, if extended, passes 
through the centre O; for if the fulcrum F of the link 




Fiff. 72. 

<Fig. 71) could be lowered to be in line with the valve-stem, 
the movement of the valve woulJ be zero. 

This curve now relates to the absolute movement of the cut- 
off valve. To obtain the ideal eccentrics of the relative move- 
ment of the same we have to shift this curve in the direction 
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of, and through a distance equal to, the llr.c JO, when we. 
obtain the arc j'J°j", the extension of which passes through 
the point 1' diametricallj opposite the eccentric I. 

The greatest absolute travel of the cut-off valve ia equal to 
twice the length of the chord rj"=.Ci" of the locjit, and if we 
draw the line I'J" tangential, in J', to the loeut, this line will 
form, with the chord I'J'', an angle, /i, that is equal to the total 
angular change of the cut-^ff eccentric rod, supposing that 
the slot of the link was extended so far that the fulcrum 
of the link can be lowered to he in line with the valve-stem. 
This will be clear when we consider that the vertical inclina- 
tion of the line I'J" represents the angular advance as the 
link is lowered, while I'J" represents the same as the link is 
raised all the way. 

The valve dia^am can now be obtained in the usual man- 
ner, and, assuming a negative lap, a,i shown in Fig. 56, the 
lap-oirclea can be drawn, when the diagram, Fig. 73, will giv& 



us all the information required. We se 
Tariation eitendit from OA to OE. but v, 



110 

Tapidity of the cutting off is at the lowest figure at the mid- 
dle grades that are likely to be used the most. It is true, the 
rapidity of the cutting off for those grades can be somewhat 
augmented, by an increase of the angle ('^ (compare with Fig. 
72), whereby the locus will be changed to a position indicated 
by a dotted arc, but this change is attended by a reduction of 
the range of the cut-off, this measure materially affecting Ihe 
limit of the latest cut-off. 

A greater curvature of the locus, attainable by lengthening 
the link, or shortening the cut-off eccentric rod PP°, Fig. 70, 
•or both, will favor the sharpness of the cutting off at the 
middle grades. 

In the case of the fulcrum F (Fig. 71) being on the lower 
end of the link (the engine running over) the curvature of the 
locus will be the reverse, and the valve-gear would give poor 
jsatisf action, owing to the reduced travel of the middle grades. 
For this reason the fulcrum should be on that end of the link 
t wards w;hich the crank is rotating, in order to effect an 
increase of the angular advance of the cut-off eccentric simul- 
taneously with a reduction of the travel of the valve, and vice 
Derm. 

The proper curvature of the link may be found by setting 
both the eccentric rod I^F^ (Fig. 71) and the link-block in 
their neutral positions, when a raising and lowering cf the lick 
.should not produce any movement of the valve. One glance 
will show that the curve of the link should then be an arc 
from the centre O, provided the fulcrum F be moved in the 
same arc. It is, however, more convenient to guide the ful- 
•crum in a straight line, and in this case the curve may be 
determined by means of a full sized model ; (made of «tiff 
paper or any other suitable material) consisting of the eccen- 
tric rod and the link. Cne end of the eccentric rod is pinned 
to the centre O of the crank-shaft (on the drawing sheet) and 
the other end is attached to the link. A pencil point is held 
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5iirectly over the neutral position of the link-block, and the 
link is then drawn through under it, by moving the fulcrum 
■of the link in the line representing the contemplated guide, 
'ihe pencil will thus delineate the required curve, which, 
though, will be found not to be a circular arc, and it can only 
1)0 approximated in the practical execution. Ihis curve will 
be more nearly circular if the fulcrum F is guided in an 
inclined line, conforming as near as possible to an arc, drawn 
from the centre O of the crank-shaft. 

The lap of the cut-off valve is a factor, which, if not prop- 
erly determined, may have a prejudicial influence upon the 
rapidity of the cut-off alreadly limited by the small relative 
travel. The relative velocity of the cut-off valve attaining 
its highest rate when the cut-off valve is in its neutral position 
m relation to its seat, a valve with no lap will effect the cut- 
ting off at this period. Eut as the rapidity of the closure 
depend 5 not only on the velocity of the valve at the moment 
of the cutting off, but also on that preceding this moment, it 
is clear that a negative lap will give better results. The time 
for the closure of the port will obviously be shortest if the 
valve has a negative lap equal to one-half the width of the 
port ; for the velocity of the valve is then greatest when the 
port is half closed. But it must not be lost sight of that in 
this case the velocity is falling off towards the moment of 
the cutting off, and the negative lap should never be much 
greater than ono^uarter of the relative travel ; for else this 
reduction is greater than desirable. Hence the negative lap 
i)hoUid not exceed one-half the width of the passage of the 
main-valve, nor should it be much in excess of one-half the 
shortest distance of O from the curve q'Q^q^^ (Tig. 73). 

But there is still another factor limiting the admissible 
extent of the negative lap ; for negative lap may render possi- 
ble a second opening of the ports of the main-valve before the 
latter clones the steam-ports of the cylinder. A brief con: ider- 
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ationwil', however, show that huoh an occurrence will bt 
prevented if the r.egative lap of the cut-olT Ta'.ve ia less thai-. 
the outside lap of the main-valve; for at the grade of tht. 
earliest cut-off the passage of the main-valve will be opened at 
the point 0A°, which is found by sweeping the lap^ircle from 
the mate of the point </'. 1 his line can evidiintly not be in 
advance of OE nnluss the negative lap of the cufroff valve 
exceeds the outside lap of the main-valve. 

The valve is sometimes made of two plates rigidly fastened 
together by a yoke, or of a plate with a rectangular opening, 
the inside edges performing the cutting off. The cut-off 
eccentric is then placed behind, cot ahead, of the main eccen- 
tric. The demonstration relating to Figs. ^2 and 73 can be 
applied to Fig, 74, but instead of the points ff'^^g", their 
upper mates are used in Fig. 74 as centres of tlie lap-circ!e.^ 
showing the cut-off, for a reason explained in the forgoing 




Als^/ 



Fiff. 74. 

chapter. The curve of ideal eccentrics has been determined in 
Fig. 74 by supposing tue fulcniTn to be on that side of th« 



118 

link /rom which the crank is rotating, in order that an increase of 
the angular advance he attended hy an increase of the travel. 
The peculiarities of the valve-gear are now considerably changed, 
•and a very early cut off is not attainable except at the expense of 
the rapidity of the cutting off of the later grades. An improve- 
ment can be effected by using either no lap at all or even positive 
lap, on the cut-off valve. For although this measure is prejudical 
to a free admission of steam, as it reduces the port opening of the 
•cut-off valve for intermediate grades, the adoption of positive lap 
permits a change of the angular advance of the cut-off eccentric 
to favor this shortcoming. The most advantageous lap can easily 
be found by a few trials, as will be shown hereafter. 

This valve-gear admits of various modifications. The fulcrum 
-of the cut off link may be a fixed point, and the cut-off eccentric 
rod may be attached to the link-block, while the cut-off valve- 
•stem is worked from a fixed point of the link ; or the eccentric rod 
may be joined to a fixed point of the link, and the valve stem 
may be worked from the link-block by a radius-rod in the manner 
■of the Qooch link motion. In the former case a change of the 
grade involves both an angular change of the eccentric rod and a 
-change of the absolute travel of the valve ; in thq latter case a 
change of the travel only is attainable. In the first case the ideal 
eccentrics will again form a curve, which, however, will not be & 
■circular arc, and should, therefore, be constructed from the angle 
of advance, and the absolute travels of the cut-off valve due to 
various positions of the link -block. In the second case the ideal 
eccentrics will form a straight line, to the detriment of the sharp- 
ness of the cutting off at intermediate grades. 

Problem XIII — A valve gear of the description shown in 
Fig. 71 is to be made having a range of cut off from -^^ to j*j- 
of the stroke. The greatest port-opening of the main-valva 
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is to be IV, the lead {/', the inside lap— 0. The cut-off 
▼alve is to be made in form of a frame to cut off with the 
inside edges, and its greatest absolute travel is not to exceed 
double the travel of the main valve. 1 he cut-off eccentric- 
rod, which is 36'^ long, is joined to the link at a point O^'from 
the fulcrum. Ihe virtual length of the link (the greatest 
distance of the link block from the fulcrum) is 12^'. T he- 
throws and positions of both eccentrics and the laps of both 
valves shall be determined, if it is required that at the grade- 
of the least relative movement of the cut-off valve the time for 
closing the last half inch of the port of the main valve shall 
be as short — i. e,, that the relative velocity of the cut-off valv^ 
J'' before the closure shall be as great — as possible. 

The diagram of the main-valve, cutting off at ^ of the 
stroke and giving IJ'^ port-opening and i" lead, is found fir .t, 
as usually, and the next thing is to determine the locus for 
the cut-off (compare with Fig.74)' ^^ w® fi^'st assume the slot of 
the link extended lib the fulcrum, the curve will start at the 
centre Q (Fig. 75). Since the greatest absolute travel of the 
cut-off valve is required to equal twice that of the main-valve, 
we sweep from Q, indefinitely, the arc g with a radius equal to 
twice the distance OQ. In this arc the locus will terminate* 
We also determine the crank-angle OIP for'the earliest cut- 
off, and assume, for a start,the lap of the cutoff valve equal 
to zero, in which case the point $'", the intersection of the 
lines z and OIP, will the be outer end of the locus. Kext we 
bisect the distance g'^Q perpendicularly by a right line, in 
which the centre Jtf of the arc must lie. Thereupon we find 
the total angle of variation, p, of the eccentric rod by making 
/0=r50=3C", (to reduced scale) and /^12 '' and then by 
copying q''Qq^=.p^ we obtain Qq^^ which must be a tangent, in 
Q, of the locus. The centre Jf can therefore be finally located 
by the line QJf, forming right angles with the line Q^®, and 
the locus q*'Q can be drawn. • 

By drawing a line from M through O, we find the point y' 
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■of this r,;i;,riipi-e.«;utliig tlie least relative travel of thecrt- 
<iff Talve, and sweeping, from q', a circle of a radius of i", we 
obtain the crank angle OE', at which the opening of the 
steam passage is J", and Ci' reprc-cnts the velocity, j'.fter 
Bssuming diCerent lopsfor the cut-off valve and repeating the 
g proceeding, we can select from the Tarious atte:::pts 



£?,£' 
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that one which gives the greatest velocity. If we assume^ 
for instance, a positive lap of |'', it is obvious that C (Fig. 7^) 
of the new locus, must beg'' from the line OE^, The new 
centre Jtf' of the corresponding locus is found by the intersec_ 
tion of indefinite arcs of equal radii swept from Q (through 
M), and from Q'\ The centre Q^ of the least relative travel 
of the new locus, can again be found by a line from iV through 
O, and a circle of a radius of J^' (lap plus J'^) gives us tho 
sought velocity, 0/^% by a tangent from O, which it will be 
seen, is greater than the resu' t of the first attempt. A further- 
increase or reduction of the lap of the cut-off" valve, will be 
found to furnish less favorable results whence the assumption 
of the last attempt should be adopted. 

The angular advance and the throw of the cut-off eccentric 
remain yet to be determined. To this end we locate the point 
p of the link where the eccentric rod is attached, and by di_ 
viding the locus Q^^Q in the same proportion as this point 
divides the link, we find the point Q^ representing the action 
of the valve while the eccentric red U in line with the link, 
block. Hence the distance QQ<=>=3^1/' is the throw, and the 
angle <5® the angular advance of the cut-off valve. The latter 
is negative, showing that the cut-off eccentric is located some- 
where like 1° of Fig. 59. 1 he throw of the main eccentric is 
2 J'', the lap of the main valve=|", and that of the cut-off 
valve=|". 

In proportioning the cut-off valve we must observe that the 
plates are made long enough to prevent the outside edges from 
opening the passages of the main valve before the latter has 
closed the respective port of the cylinder. The relative move- 
ment of the cut-off valve (for the grade C) at the moment, 
the main valve closes the steam port, at E, is equal to the. 
distance of Q^' from the line O^, which is very nearly equal 
to the greatest relative movement, 0Q''=3^'', the cut-off valve- 
ever attains, hence the outer lap of the cut-off plate should. 
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^ual 3f , with an addition of at least J" to secure a seal. To 
keep the inside edge of the wrong plate from covering the pas- 
sage of the main valve after the latter begins to admit steam, 
we measure the relative movement of the cut-olF valve for the 
•crank-angle of admission, OA'^ which is the distance of (J" 
from this line,=2f " about, and see that the inside edge of the 
wrong plate, in its neutral position, will be at least this dis- 
tance from the passage ; and as the lap of the cut-off plates is 
f, their clear distance should be at least 2". In the present 
<;ase, however, this distance will have to be greater, for other 
reasons, and there is no fear, therefore, of one plate interfering 
with the duty of the other. 

The diagram shows very fair figures as r^ards the rapidity 
>f the cutting-off, owing to the limited range of expansion. 
This valve-gear would, in fact, not answer when adjusted by a 

governor, since the shortest attainable admission,^ of the 
-stroke, would make the engine run away when without or with 
bat a light load. 

Supposing the engine was running over, the cut-off link 
should have the fulcrum on its lower end, since the cut-off 
plates are cutting off by their inside edges. The highest posi- 
tion of the link is found by sweeping from the proper point of 
the locus a lap circle of %" radius, tangential to the line OE^ 
the position of the centre of which determines the lowest 
point, «, of the link, which is found to be so near to the ful- 
crum that the latter should be secured to the link by abridge. 

This valve gear can be made serviceable in connection with 
a link-motion only by making the valve as in the last problem, 
of two plates cutting off with their " inside edges," since 
otherwise the cut-off valve, negative lap notwithstanding, 
would invariably cut off at a very early point of the stroke 
when the link of the main valve is reversed, the locus assum- 
ing the position Q'Q°, in Fig. 76, while if the valve is made 
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as said, the locus will be in Qq^, showing that the cut-off valve- 
even with positive lap, will not cut off, at any grade, before th^ 
main-valve closes the steam-ports of the cylinder. For back- 
ward motion, then, we have to avail ourselves of the link- 
motion of the main-valve when we desire to vary the cut-cff» 
and this style of valves can thorefore be used to advantcgo. 
only on engines which are mostly running forward, as is th& 
case with marine engine^. 



,mJ» 




Mg. 76. 

A few words on the correctioh of the r.nequalities of the^ 
fore and return-stroke may be added in conclusion. This 
yalve-gear offers facilities for correcting the cut-off for every 
grade, as the necessary lengthening of the valve stem can be 
accomplished by a deviation of the curve of the link from 
the form defined by the foregoing discussion, and since every 
grade corresponds to a different point of the link, the precision of 
a correction throughout the whc'e range is only dependent on 
the accuracy of workmanship. ,lhe finding of the proper 
curve of the link will offer no difficu'ty, if the former dis-^ 
cussions on the subject are duly conside el. 



Thh BiLaxAK Ctri-OPF Gear,* 
The described gears, adaptable toTftlves arranged as sbowa 
in Fig. 58, have been shown to cut off rather sluggishly — 
almost throughout with less Epeed than the main valve alone 
would— owing either to their very nature or to the practical 
limitation of certain proportions. The present yalve-ge«r ia 
designed t« overcome this difficulty. 

Both valves (see Fig. 58) are operated by one single eccen- 
tric i, Fig. n ; tlie main valve directly by the eccentric rod. 
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and the cut«ff valve through a peculiar mechanism , consisting^ 

of four membera, viz; the link, the rocker, the cut-off rod and 
the adjustment lever. 'Ihe link AB being jointed by the pin 
A to the eccentric rod, imparts to the rocker a rocking motion 
on its fulcrum F, The rocker is of a peculiar shape, as showD 
detached in the cut, but it virtually re^re^ents a bell-crank 
<or angular lever), having an angle HFC of about 5G^^ 
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ihe arm CF of which is about twice as long as the arm BF* 
To t!ie extreme end C of this rocker is jointed the cut-off rod, 
by which the cut-off valve is moved. For the purpose of 
•changing the degree of expansion, the fulcrum Foi the rocker 
-can be moved in a circular arc, being attached to the end of 
the adjustment-lever GF^ whose fulcrum G is a fixed point. 

The study of this gear will consist in the investigation o^ 
Ihe movement of the cut-off valve for several positions of the 
-adjustment-lever. In every case we shall proceed from the 
neutral position of the rocker (found by transferring the 
^eccentric rod to the centre of the crank-shaft) remembering 
that the movement of the mechanism will be symmetrical to 
both sides of this position. Besides, we shall as usual neglect 
jdl complicating influences resulting from the angularity of 
the several members; and besides, we shall assume the 
movement of the pin ^ to be strictly circular and coincident 
i^rith the movement of the eccentric I. 





mg.78. 

At first we move-the adjustment-lever until the line CF of 
the rocker assumes a vertical position (see Fig. 78), the theory 
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for this position being the least complicated. When the mechan"" 
ism is in operation the pin A will move in a circle, and hence the 
points B and G will move in the arcs ft'ft" and c^c'\ For tha 
latter arc we shall substitute the chord to simplify the theory. 
When the crank is on its centre the pin A will occupy the= 
position A° corresponding to the position of the eccentric J, and 
since the Mas. AB represents; as it were, the eccentric rod for thr 
cut-off gear, we can measure the angle of advance, S°= YAA^^. 
by drawing AY2X right angles to BA» The angle OFB being^ 
50<',and AB being at right angles with FB — or approximately 
so — it is evident that the angle YAA^=i6^ exceeds the angle 
of advance of the eccentric, Z, by 50°. Owing to the dimensions 
of the rocker, the travel of the point C, and consequently also 
the travel of the cut-off valve, equals double the travel of 
the main valve ; and hence we can find the ideal eccentric i^ 
of the movement of the cut-off valve for the considered grade 
by advancing the line Olthrough an angle of 50° and doubling 
its length. 

Next we move the fulcrum 1^ towards the right to 7"' to 
change the grade, and denote the angular change of the rocker 
by the Greek letter ^, The corresponding angular change of 
the link AB is practically the same, and the angular advance- 
is consequently farther increased by this angle. We can 
therefore draw the line Oi', but we have yet to find its length.. 
The movement d'd'* of the pin C of the rocker is doubtless the 
same as it was before; but being inclined, it is only its hori- 
zontal component d/dP that is transmitted' to the valve, and 
the throw Oi' of the ideal eccentric for this grade will be 
less than Oi^. The necessary reduction can be made by 
drawing the line i°t' at right angles to W, which will be- 
understood when we consider the similarity of the triangles^ 
Oi'io and d'd^d'\ 

In moving the fulcrum F of the rocker in the opposite- 
direction we would have found the ideal eccentric f', and other 
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positions of the falcram F would famish more points of the loctn 
of ideal eccentrics The angle xH'O being a rigij t one, it will easily 
be understood that all the ideal eccentrics will be located in a 
circle of which the line Oi'* is a diameter. - * 

These results relate to the absolute movement of the valve and 
to find the ideal eccentrics for the relative movement, we move 
the locus in the direction of and through a distance equal to 10, 
Having thus determined the locus ^'^j^^^^ of the relative movement^ 
we can draw the valve diagram, Fig. 79, in the usual manner. 




Fig. 79. 

This diagram now shows that the cut-off can be adjusted to any 
point between the crank angles OA and O J?, as the angular ad- 
justment of the rocker is not limited. It shows, moreover, that 
this valve- gear is distinguished by the decided rapidity in cutting 
off. The closure of the steam passages is very (harp for all grades 
cutting off before the half -stroke; for a later cut-off, however, this 
rapidity will get less until, when cutting off at OE, the rapidity 
of the cutting off of the cut-off valve will about equal that 
the main valve. 
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The rapidity of late cut-offs can be improved, if desired, by 
making the arm CFof the rocker more than double the length 
of the arm BF] whereby, the line Ci® will be lengthened and 
consequently the locus-circle will be enlarged. This change 
entails an increase of the absolute movement of the cut-off 
valve above twice the travel of the main valve. Another 
measure consists in increasing the negative lap of the cut-off 
valve ; but for reasons discussed in the foregoing chapter, it 
should never exceed the positive outside lap of the main valve. 
A reduction of the angle BFCof the rocker would likewise be 
efficient, but this reduction is attended by an increase of cer- 
tain irregularities. 

The sharpness of the cut-off will in reality be slightly less 
than indicated in the diagram, from the fact that the move- 
ment of the pin A is not circular as was assumed, but is more 
or less flattened. 

The proportioning of the mechanism requires some care ; for 
on it depends largely the proper operations and regularity of 
the cut-off. To this end we draw the rocker £ FC (Fig. 80) 








mg. 80. 
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with the line CF in a vertical position, and the line BF at an 
angle of 5Co, and make the arm BF from, three to four times 
the throw of the eccentric, and the arm CJ' twice as long. 
(The given figures have been tested by a number of experi- 
ments). Then we draw the link ^B at right angles to BF&nd 
make it about f of the length of CF, The eccentric rod OP 
can next be shown in its neutral position, passing through the 
end A of the link. The cut-off rod CF° can likewise be 
shown. 

To find the length and position of the adjustment-lever GF, 
it is necessary to make a model of thin wood or veneer, con- 
sisting of the eccentric rod, the link, the rocker and the cut-off 
rod. Next we draw the orbit of the eccentric, and on it the 
exact position of the eccentric, say for every one-sixth of the 
stroke of the piston, which may be done in the following way, 
identifying the eccentric path with the path of the crank-pin : 
We divide the diameter of the orbit passing through the initial 
position of the eccentric. i in six equal parts, and draw the 
projection arcs of the 'proper radius through those points, as 
shown. The next thing to be done is to attach the model to 
the drawing by joining the parts properly together with pins 
or thumb-tacks, and fastening the ends P and J ° of the rods to 
two slides representing the valves. The right end of the ec- 
centric rod may be provided with a needle point which at first 
we put in the centre O, when we set the rocker directly over 
the position shown in the drawing, and mark the relative 
position of the two slides representing the valves. Then we 
make two additional marks on one of them, at a distance equal 
to the assumed negative lap of the cut-off valve, to show the 
relative position for the cutting off on either side. Suppose 
now we desire to find the proper position of the rocker for 
cutting off at the point 1. To this end we set the needle-point 
cf the eccentric rod in the point 1 of the fore-stroke, and fix 
he valves for cutting off at the proper side, when we will find 
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that the end F of the rocker cannot be moved but in a certain 
curve. This curve we mark on the drawing by setting a 
needle-point into the rocker and making a slight scratch on 
the paper. Thereupon we attach the eccentric to the point V 
of the return stroke, fix the cut-off valve to the point of 
closure of the other passage of the main valve, and mark 
another curve by the point F of the rocker. 1 he juncture F'y 
of these curves, must of necessity, be the exact position of the 
fulcrum of the rocker when we desire to cut off at one-sixth of 
the stroke. In this way we can find the required position of 
the fulcrum for all the other grades, which will be found to 
form a curve. By substituting a circular arc for this curve^ 
osculating^as closely as possible, we obtain the location and 
length of the adjustment-lever GF, An arc can generally be 
found to agree with the constructed curve with an almost 
absolute precision ; and hence it will be seen >hat this valve- 
gear will admit of a practically perfect equalization of the 
difference between fore and return stroke. 
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